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SUMMARY 
Agncultine is the basis of India's economic development Appioximately 
1/3 of the world's food crops ate destioyed by more than 20,000 species of 
insects, nematodes, lodents, weeds and plant pathogens duiing giowth, 
haiNcsting and stoiage Losses aie even highei in the developing countries 
like India and may exceed 40% of the potential production It is reported 
that India is losing annually Rs 6000/- croies worth of agiicultuial 
pioduction Therefore, it is essential to control various haimful organisms 
with the help of pesticides to improve agricultural production Among 
many aspects of pesticides usage, the following two seems to be most 
important 
(i) Analysis of pesticide residues in ecosystem 
(ii) Synthesis of new pesticides 
For analysis instrumental as well as non-instrumental 
methods aie in use Instrumental methods have been found to be ultra 
sensitue and fast but they are sophisticated and costly So they have not 
b^en either installed so far oi out of working oidei due to lack of lepaii 
facilities in many laboratories of the third world countries The sensitivity 
of non-instiumental methods is low but they aie simple, mexpensue, 
leadiK available and safe So there is a giowing inteiest in non-
instuimental methods In this thesis the following woik on the development 
of non-instrumental methods and on the synthesis of new pesticides has 
been earned out 
^ ^ ' -
In chapter 1 different types of pesticides and their mode of action 
are summarized (Table 1.1). This chapter also includes the literature 
surveys on methods of analysis, methods of synthesis and different 
applications of dithiocarbamate fungicides. A review of different types of 
soils, their characteristics and their interaction with pesticide residues have 
also been given in this chapter. 
A newly developed spot test has been described in chapter 
II. The test is used for the detection of dithiocarbamate fungicides 
such as mancozeb, propineb, sodium diethyldithiocarbamate and 
zineb at nkg level in soil and water. The colour formation is based on 
the decomposition of the dithiocarbamate to carbon disulphide which 
reacts with plumbite in alkaline medium to form a brown complex 
that finally converts to black lead sulphide. The coloured product 
exists as a bright brown-black colloidal solution in formaldehyde or 
glycerin or hydroxylamine hydrochloride solution, 
s n 
N — C - S Zn f H2SO4 ^ r -_> . 2 NH H 2CS2 i ZnS04 
J 2 R 
CS2 + 2Na2Pb02 +2H2O • 2PbS +4NaOH + C02 
Sodium plumbite Black 
PbS + Formaldehyde • Bright brown-black colloidal solution 
The results of detection are given in Tables 2.1-2.2. These 
results show that the colour reaction understudy is 10 times more 
sensitive in solution state than vapor state in presenee of 
formaldehyde or glycerin or hydroxy 1 amine hydrochloride solution 
than that in presence of paraffin oil, potassium permanganate, 
sucrose, silica gel, glucose, lactose, starch etc. The results also show 
that the common impurities such as hardness causing substances, 
detergent, silt, clay and soil do not produce any colour with the 
reagent. Therefore, spot test understudy can be successfully used for 
the detection of dithiocarbamates in soil and water. 
Chapter III deals with synthesis of zinc 
diethyldithiocarbamate, zinc diethyldithiocarbamate-phosphate and zinc 
phosphate. These compounds have been characterized by using DTA/TGA. 
IR spectra, X-ray, spectrophotometry and volumeti-y. DTA and TGA of 
zinc diethyldithiocarbamate show only one peak and one main plateau at 
330 °C (weight loss = 83.18 %). The following chemical equation may be 
proposed: 
(C.HjhNC-S 
AT 
Zn ^ 2 (C.Hs): N | + 2CS: | + Zn 
2 39,84% 42 06% 18.09% 
or 
(C2H5). N C - S 
AT 
Zn +H2O *- 2(C2H5)2NH | + 2CS2 j + ZnO 
- J 2 38.48% 40.06% 21.45% 
The results of DTA and TGA for zinc diethyldithiocarbamate-
phosphate understudy are found to be almost similar to that of zmc 
diethyldithiocarbamate Thus the procedure used yields zmc 
diethyldithiocarbamate which contain zinc phosphate as impurities 
In case of zmc phosphate four peaks aie obtained at 92 C 
(weight loss = 76 %). 115 °C (weight loss = 22 33 %) 286°C (weight loss 
= 181 %) and at 330 °C (weight loss = 4 16 %) The following structure 
can be proposed 
Zn,(P04)2 Zn(OH): • 3H2O ^ Zn,(P04)2 Zn (OH). - 3 H.O t 
89 99% 10% 
Zn:P20- + 2ZnO ^ Zn,(P04)2 + ZnO - H.o t 
56 38% 30 16% 7 1 5 7 % 5 0 8 % 3 3 % 
Fungicidal activity of these compounds has been tested b> agai 
well diffusion method using fungi Fusanum sp The results obtained are 
gi\en m Table 3 1 and it is clear that zinc diethyldithiocarbamate. zinc 
diethyldithiocarbamate-phosphate show fungicidal actnity as they inhibits 
the fungal giov\th b> fonmng an inhibition zone for husanum sp Zmc 
phosphate does not show any fungicidal acti\it> for the fungi understud\ 
Chapter IV compnses the lesults of mobilit\ of dithiocaihamate 
fungicides such as mancozeb, sodium dieth>ldithiocaibamalc. ziram. 
propineb and zmeb on chromatoplates coated with diffeient r\pes of soil 
and admixtuies of chaicoal - soil m watei. aqueous solutions a/icf organic 
sohents The mobility data of mancozeb on soil containing charcoal aie 
gnen in Figures 4.1 and 4.2. It shows that mobihty of mancozeb is zero 
when charcoal concentration in soil is 1000-750 ppm in distilled water. It 
is also clear that the mobility of mancozeb increases with decreasing 
concentration of charcoal in soil from 500 - 125 ppm. Figme 4.2 shows 
that the mobility is zero at lower concentration of fungicides (0.06 - 0.12 
mg/'spot) and the mobility increases with increasing concentration of 
fungicides (> 0.18 mg/spot). 
The results of adsorption of sodium diethyldithiocarbamate 
(NaDDC) on charcoal, soil and charcoal-soil admixtures by batch 
equilibrium process are reported in Tables 4.1- 4.3. The data given in Table 
4.1 show a ver}' high adsorption of NaDDC on charcoal. The recovery of 
NaDDC from charcoal is also appreciable (> 75 %). Therefore the charcoal 
may be used for the pre-concentration of NaDDC present in water for 
analytical purposes. The results recorded in Table 4.2 show that both the 
samples of soil adsorb about 30% of the NaDDC applied and the recoveiy 
is 74 - 97 %. The high percentage of reco\ery shows that the weak 
bonding of NaDDC with soil. Table 4.3 shows that the percent adsorption 
on charcoal - soil admixture is very high than that on soil alone. However. 
the percent recovery is comparable. The data recorded in Table 4.3 also 
show that the retention capacity' is 163 x lO'g NaDDC per g of admixture 
(charcoal - soil:: 1: 1000) or 148 x lO'^ g^ NaDDC per g of charcoal. 
Chapter V describes a new, simple, rapid and selecti\e 
\olumetric method for the determination of dithiocarbamate fungicides 
such as mancozeb, propineb and zineb in their fonnulations. A 
homogeneous suspension of the fonnulation is made in distilled water and 
11 IS titrated with Mohr's recent silver nitrate, using potassium chromate as 
an indicator The details of reaction products of silver nitrate with different 
pesticides are given m Table 5.1. These results show that 
organophosphorous pesticides such as fonnithion. methyl parathion and 
chloi-pyriphos, organochlorine pesticides such as DDT and endosulfan and 
carbamate pesticides such as baygon and carbar>4 do not produce any 
piecipitate with silver nitrate. However, dithiocarbamate such as 
niancozeb, propmeb. zineb. sodium diethyldithiocarbamate and derivatives 
of caiboxylic acid such as 2.4-D and 2,4,5-T react with silver nitrate to give 
precipitate of different colour and size. The results of Mohr's volumetric 
method (Table 5.2) show that the standard deviation, coefficient of 
\ariation and average deviation are found to be 0.11-0.46. 1.92-8.60. and 
00-0 06 for mancozeb; 0.05-0.37, 1.04-6.65, and 00-0 006 for propineb 
and 0 11-0 34, 1 37-8.60, and 00-0.13 for zineb respectively. The results 
are found to be within the error of ±13%. A comparison of results of this 
method with those of already known volumetric methods shows that this 
ne\\l> de\ eloped method is simple and less tune consuming than the 
complexometiic and chloramme-T methods It is more sensitive and 
selecti\'e than bleaching powder and potassium permanganate methods. 
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Table 2.1: Lower limit of detection in water of some ditiiiocarbamates using 
different reagents and technologies 
Reagent 
Pbt-Poi-mdldch\de T 1 
I'bt Suioose 3 1 
Pbl Glucose 1 I 
I'bt Staidi 3 1 
I'bt Ascoibic acid "i 1 
Pbt Dlmelh^lammc 3 1 
Pbt Silicd gel 3 I 
Pbl Glvcenn 3 1 
Pbt Soap 3 1 
I'bt Gum 3 1 
Pbl Pdialfinoil 3 1 
Pbt Fe\icol 3 1 
Pbt Il^diowldmme 
liydiochlonde 3 1 
Pbt Alummium oxide 
dcidic 3 1 
Pbt Aluminium oxide 
basic 3 1 
Pbt Potdhsmm 
]">cnTidngdndte 3 1 
Pbt FomidideliN de 3 1 
Pbt Ghcenn 3 1 
Pbl H\diox\ldmme 
Indiochlonuc 3 1 
Solution state 
NaDDC 
100 
1000 
100 
100 
100 
100 
1000 
100 
1000 
100 
1000 
100 
100 
100 
100 
1000 
Zincb 
7 5 
7 5 
7 5 
Mancozeb 
7 5 
75 
75 
7 5 
75 
75 
75 
7 5 
75 
75 
75 
75 
7 5 
7 5 
7 5 
750 
Propincb 
7 0 
7 0 
7 0 
Lower limit of detection (nkg] 
1 
NaDDC 
100 
1000 
-
1000 
1000 
-
-
100 
-
-
1000 
-
100 
1000 
1000 
-
Zincb 
75 
75 
75 
Vapour 
U-tube 
Mancozeb 
75 
75 
-
750 
75 
750 
750 
75 
-
-
75 
-
75 
75 
75 
-
Prop ineb 
70 
70 
70 
) 
state 
Indicator paper 
NaDDC 
100 
1000 
-
1000 
1000 
-
-
100 
-
-
-
-
100 
1000 
1000 
-
Zineb 
75 
75 
75 
Mancozel) 
75 
75 
-
75 
750 
75 
75 
75 
-
-
750 
-
75 
750 
750 
-
Propineli 
70 
70 
70 
Abbre\ lations are defined as Pbt = plumbite, NaDDC = sodium diethyldithiocarbamate 
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A. PESTICIDES 
The tenn pesticide is derived from Latin word cida means 
1-12 
"/(; kill". It is dejRned as any substance, preparation or organism used 
lo protect plants or wood or other plants products from harmful organisms; 
to regulate the growth of plants: to give protection against the hannful 
cieatures or to render such creatures harailess. Thus the term pesticide 
embraces large group of class which includes avicides. chemosterilants, 
defohants, fungicides, growth regulators, herbicides, insecticides, 
nematicides. pesticides, repellants. rodenticides. surface biocides. wcod 
preser\ati\es etc. 
The pesticides have saved millions of lives by controlhng 
human disease vectors, greatly increasing the yields of agricultural 
cropb and protecting foodstuffs. In India agriculture is still the main source 
ol' li\elihood and the pesticides are among the most useful tools available 
to man in order to get the crops properly grown and fiuitfull}' harvested. 
Beyond any doubt the worldwide crisis of food has been considerably 
remoxed with the help of pesticides. On the other hand, usage of pesticides 
in agriculture has imposed many direct and indirect undesirable effects on 
ihc cn\ ironment i.e. chemical plant protection is a profit induced poisoning 
of the en\ ironment. The concentration of pesticides residues in food, feed 
and en\'ironment is increasing day by day due to their continuous use in 
ciop protection 
The extent and seriousness of the potential hazards due to 
these chemicals still remain to be fully evaluated. The information that is 
axailable so far on the occurrence of residues in the various parts of the 
environment is very uneven and localized. Thus there is a genuine need of 
pesticide residues analysis in our ecosystem. Several instrumental and 
non-instrumental methods have been used for the detection, separation and 
determination of pesticides in different environmental matrices 
B. CLASSIFICATION OF PESTICIDES 
The pesticides have been classified as follows: 
1. Inorganic Pesticides: About A.D. 70 Pliny the Elder recommended that 
aisenic could be used to kill insects, and the Chinese used arsenic sulphide 
as an msecticide as early as the late sixteenth centur^^ Other inorganic 
pioducts used as pesticides contain antimony, boron, copper, fluorine, lead. 
manganese, mercuiy, selenium, sulphur, thallium, tin and zinc as then-
active ingredients Although these products are not very effective for 
pesticidal use, many are so persistent in the soil that there are mstanccb as 
of crops being damaged by their residues m the soil 
2. Organic Pesticides: The era of organic pesticides began from 1940 
These chemicals are so successful in controlling the pests that there is 
extremeh' rapid and general adoption of them and development of new 
ones This has piogressed so rapidly, that today about 1500 pesticides in 
the form of 10.000 fonnulations are in common use around the world The 
organic pesticides have been classified into several classes (Table 1 1) as 
follows 
(a) Organochlorines: These include DDT, BHC, endosulfan. aldrin. 
heptachlor. chloidane etc They are not biodegradable and aie persistent in 
the en\iionment for a long period They are readih' soluble in lipids and 
e\en a low concentration of these pesticides may accumulate m the body 
tat of mammals that might pose problems in the long run Recommended 
dose of chlorinated pesticides ranged from 8-10kg per hectare 
Oiganochlonne pesticides persist in the soil for man}^ years and even 
decades 
(b) Or«;anophosphates: These include diazinon. dimecron, dimethoate. 
malathion, paiathion etc More potent and comparatively less persistent 
oiganophosphates have an advantage of having a non-lipophilic nature. 
moderate persistence, systemic nature and more potency than chlorinated 
pesticides They are sparingly soluble in water and biological fluids. The} 
aic highl) toxic since they inhibit the activit}' of enzymes The 
lecommended dose of organophosphates ranged from 4-5kg per hectare 
(c) Carbamates: These include carbaryl, carbofuran. baygon, dmocap etc 
rhe\ aie lelatively soluble in water They have reversible mode of action, 
less peisistence, systemic nature and adequate potency against crop pests 
Noimaliy they do not accumulate m tissues and are rapidly excreted when 
ingested Thus these weie considered to be less toxic than 
oiganophosphates 
(d) Carboxylic acid derivatives: These include TCA, dalapon, 2.4-D, 
2,4,5-T, MCPA etc They are considered as a potent source of 
eiuHonmental hazards, especially when tlieir degradation products remain 
actne in the euMronment after desired purpose is o%'er They are used as 
heibicides both on agricultural lands and m eradicating weeds in 
non-productive areas such as roadsides and electric transmission lines 
(e) Substituted ureas: The substituted ureas such as monuron and diuron form 
another class of biocides. These are primarily herbicides. Their solubility in 
water is generally low. They do not create problems of persistence and 
accumulation due to their facile environmental reactions. These are 
moderately unstable. These fairly readily undergo dealkylation and 
deary lation. Therefore, they are of local concern only in the area and period 
of application. 
(f) Triazines: The triazines such as atrazine and simazine are used in large 
quantities as a pre-emergent herbicide in com fields. Biologically, 
dealkylation and substitution are the major routes of metabolic breakdown. 
In soils, dealkylation appears to be the major route. There is a considerable 
persistence of the resulting products. 
(a) Pyrethroids: This group includes cypermethrin, deitamethrin and 
fenvalerate which are commonly used in Indian agriculture. They are very 
stable in sunlight. These are effective against agricultural pests when used 
at low rate of 0.1 lb per acre. The recommended dose of pyrethroids ranged 
from 25-500 g active ingredient per hectare. 
(h) Neem products/Neem based formulations: The versatile neem tiee is a 
wonder. The limonoids present in it and its products have made it a 
harmless and useful insecticide, bactericide, fungicide, pesticide etc. It is 
likely to provide a solution to many of our incurable diseases. Keem crudes 
such as its kernel crush and oil which are the potential source of 
bio-actJA'es were formulated as read}' to use dust and water dispersib/e 
powder and emulsifiable concentrate respectively. 
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(i) Others: These include thiocyanates, dmitrophenols, formamides etc 
Thiocyanates have creosote hke odours, are relatively safe to use around 
humans and animals, and give astonishing quick knockdown of flymg 
insects They interfere with cellular respiration and metabolism The 
nitiophenols have been used as ovicides, insecticides, acancides 
herbicides, fungicides and blossom thinning agents They are quite toxic 
and their use resulted m several widely publicized deaths The foimamides 
compnse a \ery new, small, but promising group of insecticides The\ aie 
used in the control of organophosphates and carbamate resistant pests 
3. Organic Pesticides Containing Metal Ions It is a relativeK less 
familiar class of pesticides The activity of these pesticides depends on the 
chelating action of the metal ion as well as the actnity of the oiganic 
matrix Some of the organic pesticides containing metal ions (OPCM) are 
gi\ en in Table 1 2 
C. DITHIOCARBAMATE PESTICIDES 
Amongst OPCM mentioned above, the heaxy metal complexes of 
dithiocaibamate aie well known fungicides Tisdale first demonstrated the 
fungicidal possibilities of the dithiocarbamate (thiram) in 1931 in the 
laboiatory of EI Du Pont Company, U S A but the commeicial 
pioduction started about a decade latei 
It is employed m every use, l e contact, protectne, eradicatne 
known for fungicides except systemic action It is wideh used on 
vegetables like lettuce, peanuts, potatoes, tomatoes and brmjals. fruits like 
apples, figs, grapes, peaches and pears; crops like cotton, maize, paddy and 
wheat, ornamentals like chrysanthemums, black currants, carnations etc. to 
control diseases like early and late blight, gall, mildew, leaf spot, rust, scab, 
smut etc. It is used in seed and soil treatment. It is also known to use as 
topical omtment to cure dennatophytoses. 
General Chemistry and Classification: The fundamental building 
block of dithiocarbamate fungicides is dithiocarbamic acid. However, the 
dithiocarbamic acid itself is not known to exist in the free state since they 
quickly decompose to simple molecules i.e. carbon disulphide and 
ainmonia 
HS C NH2 • CS2 + NH3 
When the substituted primary or secondary aliphatic or 
aromatic amines are treated with carbon disulphide in alkaline solutions, 
substituted dithiocarbamic acids are produced. R] and R2 represent aryl or 
>NH + CS, ^' ^ " 
R NCSH 2 
R2 
Table 1.2: Chemical structure and mode of action of some organic pesticides 
containing metal ions 
Pesticides Properties 
Alloxvdim-sodiuni 
Hr 
ONn ^Ki_o-CH-CH=CH, 
X3H, 
0 = C-OCH, 
a) Colourlesscnsials 
b) 2250-2560. > 1630 
c) Selective, systemic herbicide 
2. Aluminium phoseihyl 
H 
' ' II 
o 
Al 
a) Colourless ciysials 
b) 5800. > 3200 
c") Svsiemic runnicidc 
3. Azocvclolin 
a) Colourless cn-sials 
b) 99. > 1000 
c) Contact acaricide 
4. Calcium cvanamide 
Ca = K - C = N a) Grey powder 
b) 765. -
c) Herbicide, fungicide and 
defoliant 
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5. Dikegulac-sodiiim 
o 
H,C CH, 
COON a 
6. Disodium methanearsonate 
0 
^ /ONa CH - As 
^ORT 
7. Fenaininosulf 
(CH,). ,N-/ V - N = N - SO,Na 
a) Colouriess 
b) 31000,>2000 
c) Systemic piunt growth regulator 
a) Colouriess crv'staJs 
b) 1000,-
c) Selective post-emergence 
herbicide 
a) Yellow brov-oi crystalline powder 
b) 60, 100 
c) Seed and soil fungicide 
8, Fentinacelale 
AcOSn 
a) Colouriess cr>'stals 
b) 125-160,450 
c) Non systemic leaf-fungicide, 
algidde and molluscicide 
9. Ferbam 
H\C^ II 
N - C - S -
H,C'' 
-•3 
Fc 
a) Black powder 
b) 4000-17000, -
c) Protective leaf - fungicide 
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iO. Mancozeb 
L 
H S 
I II 
C H - N - C - S -
! 
C R - N - C - S -
^ I n 
H S 
Mn.Zn 
- i x 
(x>l) 
a) Greyish - yellow powder 
b) 5000, > 10000 
c) Protective leaf-ningicide 
11. iManeb 
r H S 
i I! 
O i - N - C - S -
1 
O L - N - C - S -
^ i 11 
H S 
n 
Mn 
-Jx 
(x>I) 
a) Yeilow amorphous powder 
b) 7500, > 5000 
c) Protective leaf-fungicide 
12. 2-Methoxyethylmercury chloride 
CH,o-ai,-ai3-Hg-ci 
13. Metham - sodimn 
R C - N - C - S N a 
^ I il 
H S 
a) Colouriess crystals 
b) 570, -
c) Systemic fongjdde 
a) Colouriess crystals 
b) 820, 97 
c) Nematicide, fungicide, 
insecticide and herbicide 
14, Methyl - metiram 
H H s 
! 1 \ H j C - C - N - C - S -
RC-N-C-S-ZnCNH^H a c - N - c - s -
H H S 
1 1 « 
R C - C - N - C - S -
1 1 
I! 
H S h H S 
(X>1) 
a) Pale yellow powder 
b) 1540, -
c) Protective leaf-fim^cide 
and acaricide 
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15. ^4e^iram 
/ H S 
R C - N - C - S - iH^C-N-C-S-
l 
RC-N - C -S-ZnCNH^)- H C - N - C - S -
H S 
(x>l) 
a) Yellow pov/der 
b) lOOOO, >2000 
c) Protective leaf - fungicide 
16. Nabam 
H s 
I II 
R,C-N-C-S-Ma 
-| 
aC-N-C-S-lQa 
i il 
H S 
17. Naptalam 
a) Colouriess cr>'stals 
b) 395, -
c) Protectrve fungicide and 
algicide 
a) White crystals 
b) 1900,-
c) Selective pre-emergence 
herbicide 
18. Phenylmeroury acetate 
/ Hg-O-COCH, 
a) Pale yellow powder 
b) 50-100, -
c) EradicativefiingiQde 
19. Potassium cyanate 
K-N=C = 0 
a) Colourless crystals 
b) 8 4 1 . -
c) Herbiciae 
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20. Propineb 
H H S 
I i II 
H.C-C-N-C-S-
I liC-N-C-S-
I II 
H S 
Zn 
(X>1) 
a) Pale yellow powder 
b) 8500, > 1000 
c) Protective leaf-fungicide 
21. Zineb 
H S 
H C - N - C - S -
R C - N - C - S -
1 1! 
H S 
Zn 
X 
(x>l) 
a) Light coloured powder 
b) >5200; > 10000 
c) Protective leaf - fijngicide 
22. Ziram 
H,C-
H,C 
, N - C - S - Zn 
a) "^Tiite powder 
b) 1400, > 20000 
c) Protective leaf-fungicide 
and repellant 
a) Physical appearance 
b) Acute oral LD,^,(rats) and acute dermal LD^ (rats) in mg/kg 
c) Mode of action 
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alky] organic radicals or in the case of primary amine, one of them may 
happen to be hydrogen. The hydrogen attached to sulphur dissociates and 
may be replaced by a metal having atomic no.>20, thus producing a stable 
dithiocarbamates. 
R-
R2 
Metal salt 
NCSH 
Ri 
R2 
•NCS M-
x+ 
As shown in Table 1.3, dithiocarbamates can be divided into two 
mam gioups: Group I and Group II. The most noteworthy difference 
between them being that the members of Group I do not have a H -atom 
attached to carbamate-N while members of Group II have a H-atom 
attached to the carbamate- N. 
The fungicides of Group I have been further divided into two subgroups: 
(a) Metal salts or metal complexes of dialkyidithiocarbamic acid e.g. ferbam. 
ziram (9, 22: Table 1.2) 
(b) Oxidation product of derivatives of dimethyldithiocabamic acid e.g. thiram. 
Diethyl analogues of this subgroup are medically used to treat alcoholics. 
The fungicides in Group II are ethylene derivatives. Among them, few are 
salts like metham-sodium, nabam (13, 16: Table 1.2) while other are metal 
complexes like mancozeb, maneb, zineb (10, 11,21: Table 1.2). 
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Table 1.3: Classification of dithiocarbamates 
Group Chemical designation Types of derivatives 
Dialkyldithiocarbamate 
Metal Derivatives 
Na sail (no common name) 
Zn complex (ziram) 
Fc complex (ferbamj 
Oxidation Product 
S .V linkage (ihiram) 
II Ethylenebisdithiocarbamate 
Metal Derivatives 
Na sah (naham) 
Zn complex (zineh) 
\4n complex (maneh) 
Mixed complex 
(mancozeh) 
Mostly all forais of dithiocarbamates are biologically interconvertible as 
sulphide fonns which can be reduced to thiol or sulphur, thus dissociating 
the metal complexes The dithiocarbamate fungicides are less persistent 
(lelatue to organochlorine pesticides), however, there are evidences that 
they aie peisistent enough to have an effect on the aquatic environment 
These fungicides tend to be somewhat unstable to heat, light and moisture 
Solubility of these fungicides is very low in water and most organic 
soKents 
2. Mode of Action: Despite the chemical similanties, there are evidences 
that dialkyldithiocarbamates and ethylenebisdithiocarbamates do not act in 
the same way This different is often attributed to reactivity associated with 
the N-H bond piesent m Group II complexes The dialkyldithiocarbamates 
(Gioup I) mteifere with energy production i e reduction m the production 
of ATP for instance, inhibition of respiration They also interfere with 
biosynthesis i e the disruption of processes forming new cellular materials 
needed foi the growth and maintenance of the fungus while 
ethylenebisdithiocarbamates interfere with the biosynthesis process 
Vaiious theories have been proposed to explain, the mode of action of 
dithiotaibamate fungicides but none of them explain the mechanism of 
fungicidal action satisfactorily The chelation theor\' is one of the generally 
accepted theones 
(a) Dialkyldithiocarbamates: The dialkyldithiocarbamates probably owe their 
fungi toxicity to their ability to chelate with certain metal ions, thus 
depinmg the cell of the needed metal ion Recent mfonnation however 
17 
indicates that a heavy metal ion is required for the high toxicity of these 
fungicides. Studies with the fungus Aspergillus niger have demonstrated 
7-1-
that in the presence of Cu" ions, an increase in the concentration of sodium 
dimethyldithiocarbamate inhibits the growth at two levels: 
(i) When copper to dithiocarbamate ratio is reasonably high (approximately 
20:1) the fonnation of unsaturated, positively charged 
copper: dithiocarbamate complex (1:1) takes place. These complexes 
penetrate lipid barriers in the flingal cell and may be the ultimate toxicant 
or alternatively it may be converted into free dimethyldithiocarbamate ions, 
which kill the fungus by readily complexing with vital trace metals. For 
example it interferes in the uptake of oxygen in yeast cells and it has also 
been shown that pyruvate accumulates in Aspergillus niger after treatment 
with sodium dunethyldithiocarbamate, thus fimgicidal activity arises from 
interference with respiration by inactivation of the pyruvate dehydrogenase 
system. 
The charged resonating 1:1 complex between Cu ions and 
dimethyl- dithiocarbamate 
(ii) When the concentration of dithiocarbamate is further increased the 
fungicidal activity decreases due to the formation of saturated, 
uncharged copper:dithiocarbamate complex (1:2). This inhibition le\el 
requires high concentration of dimethyldithiocarbamate. When all the 
internal heavy metals have been converted to dithiocarbamate complex 
(12), excess dithiocarbamate accumulates and is apparently toxic m its 
own light, perhaps by mactivatmg sulpbydr>d enzymes 
N C ^ / C u ^ ^ C N ^ 
H.C ^ ^^3 
The uncharged 1: 2 complex between Cu ions and dimethyldithiocarbamate 
(b) Ethylenebisdithiocarbamate: The presence of hydrogen at the nitrogen in 
a dithiocaibamate structure considerably reduces the chemical stability of 
the ethylenebisdithiocarbamates The mode of action of this complex 
piobably mvolves their oxidation on the leaf surface to such 
pioducts as ethylene thiuram disulphide, ethylene thiuram monosulphide, 
isothiocyanale (fungi toxic derivatives) by splitting off HiS or HS" ions 
(Figure 1 1) 
H S 
R - N - C - S H -^  H2S + R - N = C - S 
H S 
R - N - C - S HS + R - N = : C = S 
Especially m the presence of hea^y metal ions these equilibria are 
foiced to the right because of the formation of insoluble metal sulphides 
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H S 
I ii 
C H f - N — C—S— H 
I 
CH,— N —C—S—H 
I II 
H S 
Ethylenebisdithiocarbamate 
fas free acid") 
Oxidation 
-H.S 
(fi) 
H S 
I II 
QH _ f^  — c - S 
CH2— N - C — S 
I II 
H S 
Ethylene thiuram disulphide 
CH2— N — Os^' f 
I y s 
CH2—N —C-^ 
I II 
H S 
Ethylene thiuram monosulphide 
Ring opening 
CH2— N = C = S 
I 
CH2—N —C—SH 
I Ii 
H S 
-H2S 
CH2— N = = C = S 
I 
CH2—N = C = S 
Ethylene diisothiocynate 
+ HS - Enzyme 
r! 
CH2— N— C—S — Enzyme 
I 
C H 2 — N - = C - - S 
Figure 1.1: Possible fungi toxic derivatives of ethylenebisdithiocarbamates 
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These fungi toxic derivatives are known to be fungicidal by virtue of 
then ability to react with vital thiol compounds withm the fungal cells and 
It has been demonstrated that the inhibitory action of nabam on fungal 
spoie germination is strongly antagonized by the addition of thiols 
3. Other Applications of Dithiocarbamates: 
Besides the usage of dithiocaibamate as fungicides the following uses 
ha\e also been reported in the literature 
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(a) Additive in lubricating oil: Tanaka et al have reported a process for 
pioducmg molybdenum oxysulphide dithiocarbamates as lubricant 
additives These dithiocarbamates have been found to be good antifriction 
and anticorrosive agents in lubricating oil 
(b) Sulphur vulcanization: Niewenhuizen et al have published a review 
vvith ^62 lefeiences descnbing lesearch methodologies useful in 
investigating the mechanism of vulcanization and the reactivity of thiuram 
and dithiocarbamate chemicals The combmed knowledge has been 
subsequently applied to thoroughly review the mechanism and the 
chemistry of both thiuram and dithiocarbamate accelerating sulphur 
xulcanization 
(c) Graft copolymerization: Kim and Cho ' have synthesized graft 
Lopolymeis by imfeiter-containing macromer A monomei such as st>'rene. 
methylmethacrylate, ethylacrylate or butylacrylate were copolymerised 
with chloiomethylstyrene b> 2 2'-azobisisobutronitrile (AIBN) initiation 
TI 
and the chlonde group m the polymer was treated with sodium 
diethyldithiocarbamate to give dithiocarbamate groups NMR analysis 
showed that conversion to dithiocarbamate groups was quantitative for 
aci}late copolymer as well as styrene copolymer Graft copolymerization 
of the maciomer such as polystyrene macromer and polymethyl 
methact\ late (PMMA) macromer yielded graft copolymers 
(d) Chelating agents: Tandon et al have studied N-benzyl-D-
glucammedithiocai hamate and its analog, N-(4-methoxybenzyl-D-
gkiLaniinedithiocaibamate) which are effective chelators of cadmium for 
then efficacy to induce excretion of lead and to reduce tissue burden of 
lead m pie-e\posed rats These dithiocarbamates have been found to be 
effective m reducing hepatic and renal lead levels but not of brain lead 
le\els 
18 TodoioMC et al ' have developed pre-concentration method for 
the deteimination of trace metals in natural waters usmg 4-morpholme 
dithiocaibamate as a chelating agent 
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Cesui and Bati have described a method for the pre-
concentiation of cadmium m water samples by using 
l-benzylpiperazmedithiocarbamate (1-BPzDC) as a new reagent, prior to 
Its determination by flame atomic absorption spectrometry (FAAS) This 
method is based on the fact that cadmium fonns 
cadiniuin !-benzyIpiperazinedithiocarbamate complex (Cd(l-BPzDC)2) m 
aqueous phase which is extracted with microciystallme naphthalene on 
solid phase then back-extracted with potassium cyanide solution into 
77 
aqueous phase aiid measured by FAAS. The optimum experimental 
parameters for the extraction and back-extraction of cadmium are also 
investigated. The obtained recovery is nearly 97% and the enrichment 
factor is 500 for spiked cadmium samples. The detection limit 
(0.034 ).ig/mL) and the determination limit (0.114 )ig/mL) of the proposed 
nietliod are e\aluated. 
Wang et al. have developed a procedure for simultaneous 
extraction of Cr(III) and Cr(VI) by ammonium pyrrolidinedithiocarbamate 
(APDC). X-ray diffraction and spectroscopic studies indicate that Cr 
reacts with the ammonium pyrrolidinedithiocarbamate ligand to fonn two 
products, Cr(PDC)2(0PDC) and CrCPDC)?. A high concentration of APDC 
m the phthalate buffer under an elevated temperature (50"C) is applied in 
solvent extraction (SE) to increase the extraction efficiency of Cr "\ so that 
Cr ' and Cr ' aie extracted by APDC simultaneously. The complex 
involving the oxygen ''nsertion bonding Cr-O-S is separable from the 
normal Cr(PDC)3 complex chromatographically, thus allowing the 
quantification of Cr '. The major product of Cr"^ has a structure of 
Cr(PDC)2(0PDC) and the minor product is Cr(PDC)3 with a ratio of 
Cr(PDC)2 (OPDC)/Cr(PDC), being 8.5. 
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Rathore et al. have developed a new precipitation conductometic 
titration technique for the detenuination of Zn~ . Pb" . Hg"" , Hg . Cd" , 
Co" , Cu~ . Nr . Fe" . and Fe using sodium diethyldithiocarbamate as a 
titi'ant 
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(e) Analysis: 
(1) spectrophotometry: A spectrophotometric method ~ has been reported 
for the determination of copper (11) using sodium diethyldithiocarbamate as 
a colouring reagent. The method is based on the formation of a brown 
suspension of the copper (II) diethyldithiocarbamate which can be 
extracted with but\'l acetate and the coloured extiact can be analyzed 
spectiophotometrically at 560 nm. This method is sensitive to 100 pg of 
copper (II) 
(ii) Flotation of non-ferrous metals: Glinkin ~ has published a review with 
eight references describing the flotation of non-ferrous sulphide minerals 
with dithiocarbamate reagents. It outlines the use of sodium 
dimethyldithiocarbamate as a depressor for sphalerite, iron sulphide and 
S-cyanethyl-N,N -diethyldithiocarbamate as a collector for copper and 
molybdenum sulphides. Data pertaining to industrial application of these 
reagents has been reported. 
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(iii) Ion exchange: Airoldi et al in 1994 have studied the chemistry of 
immobilized dithiocarbamate groups covalently attached to silica gel for 
extraction of cobalt, nickel, copper and zinc cations in ethanolic solutions. 
They have reported that a metal: a ligand ratio of 1:3 for cobalt, 1:2 for 
nickel and 11 for copper and zinc complexes in ethanolic solution. 
Tang et al *" have reported the simultaneous pre-concentration of 
beryllnitn bismuth, cobalt, gallium, silver, lead, cadmium, copper. 
manganese and indium in sea water by using poly(aery 1 amino phosphoric 
dithiocarbamate) chelating fibre as an adsorbent The optimum 
experimental parameters such as fibre capacit\. pH. sample flow and 
\ olume, eiiiant and effect of matrix ions on the pre-concentration have been 
nnestigated It has been clanned that the metal ion can be concentrated to 
200 times in a short time and the teclimque can be coupled with inductively 
coupled argon plasma-mass spectroscopy (ICP-MS) to provide a promising 
method foi the determination of trace elements m sea water 
(f) S} nthesis of new compounds: 
(i) Sulfmes: Cherrie and Metzner have demonstrated that the oxidation 
leaction of \arious dithiocarbamates give corresponding sulfmes 
(S-o\ides) A number of sulfmes could be isolated and characterized 
although their stabilities are ver>' moderate The sulfmes decomposed to 
ihiocaibamates and dithiocaibamates on keeping them at ambient 
temperatuie 
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(ii) Drugs: Chmg has pioposed a new method of synthesis of conjugates of 
nitric oxide scavengers (eg dithiocarbamates) with drugs (eg NSAIDS) 
These conmgates provide a new class of drugs (e g anti-inflaminator\' 
agents) These conjugates ha\e much lower incidence of side effects and 
they aie moie effective than unmodified drugs because cells and tissues 
contacted by them are protected from the potentially damaging effects of 
nitric oxide over production For instance, ibuprofen is estenfied with 
2- pyirolidinol m the piesence of dithiocarbamate and resulting ester was 
treated with aqueous sodium hydroxide solution and carbon disulphide m 
ethanol, thus producing a dithiocarbamate of pyrrolidmol-ibuprofen 
2^ 
Synthesis of New Dithiocarbamates: Humeres et al/^  ha^ e 
synthesized and characterized potassium chitosan dithiocarbamate 
(ChitDTC) by using elemental analysis and solid-state "C NMR 
spectroscopy. The degree of substitution (number of substituents per 100 2-
ammo-2-deoxyglucopyranoside units) and molalities of the groups are 
calculated for acetylamino, amino and dithiocarbamate substituents m 
chitm, chitosan and ChitDTC. A comparative study is performed for the 
retention and exchange of Cu (II) with chitin chitosan and ChitDTC at 
30 T and pH 6.0 (0.1 M succinate). 
ChitX + Cu (II) ^ ChitXCu(II) 
The stability constants, K^ for the heterogeneous equilibrium 
are calculated assuming that complexing of Cu (II) is largely in a 1:1 ratio 
with respect to each other. The values of K^ for each group are NHAc 45.1. 
DTC 3 14x10' and NH. 1.12x10^ It is proposed that m the presence of 
succinate, the main species of aqua Cu (II) present in solution must be the 
uncharged Cu (ll)-succinate complex that prevents the acetylamino. amino 
and DTC groups from fonning complexes higher than 1:1. Also, this ma>' 
explain the fact that the stability constant for DTC is lower than for the 
amino group. The method allows the characterization of the chelating 
ability of each group in ChitDTC with respect to metal ions. 
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Nag et al. have synthesized heteroleptic dioxomolybedenum 
(VI) complexes [MoOiCKDL'] (L= di-Et dithiocarbamate, p3'rrolidine 
dithiocarbamate, diiso-prdithiocarbamate, piperidine dithiocarbamate, Me 
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xanthate or iso-pr xanthate, L' = OPPhi or DMSO) by treating equimolar 
amount of Mo02Cl2(L')2 with the Na or K salts of the corresponding 
dithiocarbamates or xanthates. All of these derivatives are coloured solids 
which are soluble in polar solvents. The complexes are characterized by 
elemental analysis and spectral (electronic, IR, NMR) studies. 
James et al. have prepared heterobmuclear complexes 
[C0M0O2 (NCS) (L)3 (H2O)] (L=diethyldithiocarbamate. 8-qumolinol. 
or 4-moi-pholinyldithiocarbamate) by the interaction of ammonium 
molybdate with ammonium thiocyanate in the presence of hydrazinium 
sulphate and cobalt (II) nitrate in DMF. The magnetic moment, EPR and 
PES data suggest the presence of molybdenum (V) and low-spin cobalt 
(ill) The ciystal field splitting parameters have been evaluated from the 
electronic spectra! data. The infrared spectra suggest the presence of N-
bonded thiocyanate ligand (2040 and 780 cm"'), dithiocarbamate ligand 
(1500 and 960 c m ) and Mo bonded with oxygen (910 cm') in the 
molecule. The extensive sphtting in each case obser\'ed in the ' H NMR 
spectra of the complexes indicates the restricted rotation of the alkyl side 
chain of the bidentate dithiocarbamate groups. The redox behaviour of the 
complexes in DMF is discussed from the cyclic \'oltammetry data. The 
thermal decomposition and infrared spectral studies confirm the presence 
of coordinated water molecule. The proposed structure consists of 
octahedral cobalt (HI) and an octahedral oxomolybdenum (\') bridged by 
an 0x0 and a thiocyanate gioups. 
.Arora et al. have prepared transition metal 
dialkyldithiocarbamate complexes [{(R2NCS2)n M}; R2 = Me: or Et: and 
M= V, Mo. W and Pt] complexes by the reaction of metal chloride 
{MCI,,; n = 3, M = V, W and n = 4, M = Mo, Pt} with sodium 
dialky Idithiocarbamate, [R2NCS2Na} ;R2=Me2orEt2] in dichloromethane/ 
water( 1:1 )mixture. The metal complexes are characterized by elemental 
analysis, conductance and IR spectral studies. The synthesized complexes 
along with their parent salts are screened for their fungi toxicity under in 
\'itro conditions against the three phytopathogenic flingi, viz Altemaria 
ahernatch husarium oxysporum and Colletotrichum capsici by spore 
germination inhibition technique. All the complexes exhibit antifungal 
activity to vaiying extents. 
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Pastorek et al. have synthesized Ni(ll)di(pentyl) 
dithiocarbamates [Ni (Pe^dtc).], [NiX (Pe2dtc)(PPh3)] (X = CI, Br, 1, 
NCS), [Ni(NCS)(Pe2dtc)(PPhO], [Ni(Pe2dtc)(PPh3)2]C104 and 
[Ni(Pe2dtc)(PPh3)2]PF6, (Pe2dtc = dipent>'ldithiocarbamate). The complexes 
are characterized by X-ray. 
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Siddiqui et al. have synthesized [MPy2(dedtc)2] and [MPy2 
(dpdtc)2] (M = Mn, Fe, Co, Ni, Cu, Zn. dedtc = diethyldithiocarbamate and 
dpdtc = diphenyldithiocarbamate). The complexes are characterized b\' 
elemental analysis, magnetic susceptibility, TGA/DSC and IR in the solid 
state and electronic spectroscopy and conductance measurement studies in 
solution state. The complexes have a distorted-octahedral structure. 
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Chatur\'edi et al. have developed a mitsunobu-based protocol for 
the synthesis of dithiocarbamates from the coiresponding alcohols using 
carbon disulphide and amines in good to excellent yields. This protocol is 
mild, chemoselective and efficient compared to other reported methods. 
28 
5. Analysis of Carbamate Pesticide Residues: The recently leported 
lesearch woik is suiTunanzed in the following paragraphs 
(a) Extraction of pesticide residues: A considerable research work has been 
earned out on the extiaction of pesticide residues from different samples 
Tadeo et al have done a considerable piece of work m this direction 
They ha\e made multiresidue determination ^ of various herbicides and 
insecticides in soil The method is based on the sonication-assisted 
e\liaction of pesticides m small columns (SAESC) usmg eth>l acetate and 
their deteimination and identification by capillary gas chromatography with 
electron-captuie detector (GC-ECD) and gas chromatography with mass 
spectiometry (GC-MS) Recoveries obtained varied from 81-106 % with a 
lelative standaid deviation between 2 and 9% and the limit of detection 
(0 01 }ig^g) for all the pesticides 
In another approach they detennined the pesticides "" of \arious 
chemical classes such as organochlorines, triazmes and organophosphates 
b> GC-MS using analyte protectants to counteract the matrix (soil juice, 
honc} etc) effect Amongst se\eial analytes L-Gulomc acid }'-lactone is 
found to be an effective protecting agent for most of the pesticides studied 
in soil and honey samples, whereas olive oil was found to be veiy effective 
tor luice samples 
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Pesticides such as endosulfan. chlorpyrifos. lindane and 
pendimethalin, xolatilized from plants and soils are detenmned by 
headspace solid-phase microextraction (headspace SPMEj and gas 
chromatography with electron-capture and mass spectrometnc detection 
•^Q 
SPME analyses are carried out with polydimethylsiloxane (PDMS) and 
polyacrylate (PA) fibres. They have also determined pesticides in juices 
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and beverages by solid-phase extraction, solid-phase micro extraction 
and chromatographic methods. 
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Adsorption and degradation of thiazopyr have studied on two 
unamended soils and a soil amended annually during 8 years with compost 
under laboratoiy conditions. The results obtained are compared with the 
results on soils amended with fresh sewage sludge compost. The adsorption 
isotherms are fitted the Freundlich equation well and a marked sorption 
increase is found in amended soils. Degradation data followed first-order 
kinetics and thiazopyr have a half-life of about 75 days at 25 °C and 60 % 
water-holding capacity of soil. 
(b) Analysis of pesticide residues by biosensor: Mascini et al. have published 
several papers in this area. Some of his publications are as follows: 
40 A disposable biosensor based on screen-printed electrodes is 
de\ eloped to determine the anticholinesterase pesticides such a phentoate, 
phosalone, fenitrothion, acephate, omethoate, monocrotophos, 
chlorpyriphos and pirimicarb in real samples. Another disposable biosensor 
based on acetylcholinesterase inhibition activity is exploited for testing 
the presence of carbofuran and carbaiyl in foodstuffs. A piezoelectric 
42 
ciystal biosensor is developed for the estimation of atrazine in water. 
They have also developed an amperometric sensor based on cobalt 
phthalocyanine-modified composite electrodes and immobilized 
30 
choiinesterases for the monitoring of paraoxon, carbar>'l, heptenophos. 
malathion etc. in water. 
(c) Spot tests: Spot tests are simple, sensitive, selective or specific, inexpensive 
and rapid. The spot test analysis has been found to be extremely useful for 
the preliniinaiy on-field detection of pesticides. Generally, a prehminar>' 
examination of a test material is required before undertaking costly and 
sophisticated quantitative analysis in order to minimize time and 
operational costs. Recently, the following tests have been developed for the 
detection and semi-quantitative determination of pesticide residues in 
en\ uonmental samples. 
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A Paper spot test has been developed for the detection of 
carbaryl in water. To carry out this test a paper strip impregnated with 
sodium hydroxide was spotted with carbaryl and then it was treated with 
2.6-dichloroquinone-4-chloroimine. A violet spot appears if carbary l^ is 
present. The lower limit of detection is found to be 0.06 ftg/spot. The 
tentative mechanism is given in Scheme 1.1. 
45 
Padahkar et al. have reported a thin-layer chromatography 
spot test for the determination of carbaryl. Silica gel G coated thin-layer 
chromatogiaphy (TLC) plates spotted with carbaryl gives violet colour on 
treating with copper (II) chloride solution followed by ammonium 
metavandate reagent. The lower limit of detection for carbaryl and 
1-naphthol is 10 [.ig/spot and 1 pg/spot respectively. The lower limit of 
detection is I pg/spot for carbaiyl and 1-naphthol. when alkaline 
hexacyanofenate (III) is used as a chromogenic reagent. Other insecticides 
31 
such as malathion, parathion; dimethoate, sumithion, ekalax, eldrin, DDT, 
baygon, carbofiiran and zineb do not interfere. The tentative mechanism is 
given in Scheme 1.2. 
A selective, sensitive, simple and inexpensive spot test is described 
46 for the detection of mancozeb at trace levels in the soil, vegetation and 
water. It is based upon the intensive catalytic action of dithiocarbamates on 
the production of nitrogen fiom sodium azide reaction with iodine. The 
chemical reactions involved are given in Scheme 1.3. 
A spot test has been developed for the on-field detection of 
47 dithiocarbamate fungicides at f.ig levels in soil, vegetation and water. 
Copper-ammonia complex on cation-exchange resin beads in presence of 
diethanolamine has been used as a chromogenic reagent for carbon 
disulphide. The reaction involved has been shown in Scheme 1.4. 
A spot test has been developed using sulphanilic acid-sodium 
nitrite-sodium hydroxide, 8-hydroquinoline and alkaline hexacyanoferrate 
(111) as colouring reagents for the sensitive and selective detection of 
carbaryi at pg level in environmental samples. The tentative reaction 
mechanism is shown in Scheme 1.5. An already known, spot test for 
48 • 
dithiocarbamates is extended for the selective detection of mancozeb at 
pg levels in its formulations and water. Copper (II) chloride-acetic acid is 
used as a colounng reagent. The reaction mechanism is shown in 
Scheme 1.6. 
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A colour reaction based on the formation of black lead sulfide by 
treatment of mancozeb v/ith alkaline plumbite solution has been developed 
for the thrn-layer chromatography (TLC) detection of mancozeb. The lower 
32 
OCONHCH3 OH 
+ NaOH 
Carbary! -naphthoi 
CL 
+ 0=< 
C!" 
Ck 
:NC1—*-0-
CI' 
> = N 
\ / 
ONa 
-naphthoi 2,6-dichloroquinone-4-
chloroimine 
Indonaphthol dye 
(Blue) 
Scheme l.l:Colour reaction of carbaryl with 2,6-dichloroquinone-4-chloroimine 
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Dithiocarbamaics A 
2NaN3 + i-, • *- 2NaI + SNTT 
act as catalyst 
Sodium Sodium 
azidc Iodide 
Scheme 1.3: Vigorous evoiiilion of bubbles of nitrogen by using dithiocarbamate as a catalyst. 
R.M-C-S^ Na" + H2SO4 ^ R2NH + CS2 + NaHS04 
Cu^' + NH4OH —^ Cu(NH3)4"" 
Blue coinplcx 
Cu^ -- CS2 - R2NH ^ R2NCS2CU" 
yellow complex 
CuCN'H.V -^ CS2 + R2NH ^ R2NCS2Cu(NIl3)4^ 
red complex 
Scheme 1.4:Colour reaction of copper-ammonia complex with dithiocarbamate. 
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(a) H O j S ^ ^ V-NHj+HNOo+I-r ^ HO3S / V - N " ^ N + IH^O 
Sulphanilic acid Diazobenzene Sulphonic acid 
H O , S - ^ V N ' = N + 
ONHCH, 
Diazobenzene Carbaryl 
Sulphonic acid 
H O j S ^ V M = N - / ^ V0CONHCH3 
\ / 
+ i-r 
Dye stuffs 
(Pink colour) 
0= >=K)OH 
vJ 
5-nitroso-8-hydioxyquinoline Oxime 
Oxinio Carbaryl Brown colour 
CONHCH, 
(c)l-e[(CN)^,ll20]^- I *- Fe (CN)6 + H,0 
Alkaline Carbaryl 
hexacyano ferrate Carbaryl hexacyanoferrale (Violet colour) 
Scheme 1.5:Colour reaction of carbaryl with (a) sulphanilic acid in the presence of sodium nitrite 
(b) 5-nitroso-8-hydroxyquinoline (c) alkaline hexacyanofcrrate (111). 
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H S u c 
I II • ft 
Yellow salt Yellow brown colour 
Where M=Zn" -^ or Mn'*'^  
Scheme 1.6: Colour reactioit of mancozeb with copper acetate 
H S 
I II 
CHo-N-C-Ss^ CH2-NH2 
I ^, ^ _ / M +4Na,Pb02 + 6H,0 ^ j + 2CO2 + SNaOH + 4PbS + M(0H)2 
^ l~ir ' CH2-NH2 
H S 
Yellow salt Yellow brown colour Black ppt 
Where M=Zii+- or Mn+2 
Scheme 1.7: Colour reaction of mancozeb with lead plumbite 
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limit of detection on a silica gel plate is 0 45 /.tg/spot Fungicides other 
than dithiocarbamates do not interfeie in this test The test can also be 
applied foi the detection of mancozeb in soil extracts A tentative reaction 
mechanism is shown in Scheme 1 7 
(d) Spectroscopic and spectrophotometric methods: These methods are 
simple duect sensitive and rapid but they do not achieve the sensitivity of 
thm-ldvei chromatography and gas chromatography They may not be able 
to distinguish between tiie parent compound and its metabolites and 
hydiolysis products but they can be used with chromatography as a 
confiimdton technique Spectrophotometiy is a leliable and routinely used 
technique that is readil} available for analysts A few papers have been 
lepoited in this area 
Cullen has earned out spectrophotometi ic determination of 
zineb maneb, ziram, ferbam. thiram and metiram residue on food crops 
1 he residues were decomposed on the crop and the evolved carbon 
disulphide was collected and reacted with cupric acetate-diethanolamine m 
ethanol (0 0016%) to form the yellow cupric salt of 
N,Nbis(2-hydroxyethyl) dithiocaibamic acid which can be measured 
calonmetiically at 435 nm The speed of decomposition of the 
dithiocaihamate and the copper-caibon disulphide latio weie found to be 
cntical factois This method is sensnn e to 20 f.ig of carbon disulphide 
Caldas et al have developed a spectrophotometnc method for the 
detetmination of dithiocarbamate fungicide lesidues m food using vertical 
d'sulphide reaction system This new leaction system is proposed for the 
18 
purification and complexation of CS2. It is less fragile than the traditional 
design, is easier to assemble, and allows for a higher some through put, in 
addition to being of low cost. Recovery of added mancozeb, thiuram, or 
ziram (0,15-8.0 mg/kg) in rice, beans, apple, banana, orange, papaya. 
tomato, cucumber and potato ranged from 82-120 % with relative standard 
dernations from 0-10 %. Analysis of apple, tomato and papaya samples 
with fieid-incuiTcd dithiocarbamate residues showed comparable results 
using both the traditional and the new reaction systems. 
Rathore and Varshney have carried out spectrophotometric 
detenmnation of sodium diethyldithiocarbamate (NaDDC), ziram using 
copper (II) as a colouring agent. Slightly ammonical solution of copper (II) 
reacts with dithiocarbamate to produce a yellow coloured product of the 
copper (II) dithiocarbamate. The coloured product was extracted with 
organic soKent (n-butyl acetate) and analyzed spectrophotomericall}' at 
430 nm. The lower limit of determination is 100 p,g of ziram. 
Sharma et al. have developed a simple, rapid and sensitive fourth 
derivative spectrophotometric method for the determination of ziram by the 
formation of its golden yellow coloured copper complex after dissolving 
into Triton X-100 at 441nm. Beer's law is obeyed over the concentration 
range of 0.5-30 )j,g/mL at 441nm in the pH range 4-8. This method has also 
been used for the detennination of ziram in commercial samples like zirax 
and ziron containing ziram and from wheat grains. 
54 
Malik ct al. " have developed a method for the direct fourth-
denvatue spectrophotometric determination of fungicide ferbam (Iron(III) 
dimethyidithiocarbamate) in commercial samples and wheat grains by 
39 
converting it into an iron (II)2,2'-bipyridyl complex which is then dissolved 
in Triton X-IOO. Beer's law is obeyed over the concentration range of 
0.5-20 |Lig/iTiL in a final solution. Various parameters such as the effect of 
pH and interference of large number of ions in the determination of ferbam 
are also reported. 
(e) Volumetric methods: A simple, inexpensive and rapid complexometric 
titration has been developed for the detemiination of mancozeb. The 
procedure is based on the fact that mancozeb dissolves (at ppm level) in 
ammonia buffer of pH 10 in presence of versenate solution. The 
quantification is made on the basis of versenate consumed in the process of 
dissolution. The end point was detected by using visual indicator. 
Eriochrome Black-T, which gives wine red colour with zinc (II) and 
manganese (11) and changes to sky blue at the end point on titrating with 
\ersenate solution at pH 10. 
Tiwari et al. " ' have developed a quick and convenient method for 
the miHigram determination of some dithiocarbamate fungicides such as 
ziram, zineb. ferbam and thiram. Aliquots containing 1-5 mg of the sample 
is allowed to react with a calculated excess of O.IN chloramine-T reagent 
in the presence of glacial acetic acid for 10 min at room temperature 
(27"C). When the reaction is completed, the unconsumed reagent is back 
tiuated with O.IN solution of sodium thiosulphate to starch end point. The 
results are with m the error of ±1%. 
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(f) Atomic absorption spectrophotometric methods: Rathore et aV have 
carried out atomic absorption spectrophotometric determination of 
niancozeb residues, micronutiients (Mn"' and Zn' ) in plants. It is based on 
the decomposition of organic matrix by treating mancozeb with oxidizing 
mixture (nitric acid-perchloric acid) and the determination of zinc or 
manganese in the residue by using atomic absorption spectrophotometer. 
The lower limit of detennination has been reported to be at ppm level. The 
results of atomic absorption spectrophotometry have been compared with 
those obtamed by volumetry in which disodium salt of 
ethylenediaminetetra acetic acid, eriochrome black-T and ammonia buffer 
of pH 10 have been used. 
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Tuker et al. have reported a simple, sensitive and rapid flame 
atomic absorption spectrometric (FA AS) method for the indirect 
determmation of zinc ethylenebisdithiocarbamate (zineb) and fenic 
dnnethyldithiocarbamate (ferbam). Metals hberated upon decomposition of 
the fungicides are determined by FAAS and the zineb and ferbam contents 
are calculated by stoichiometric relationship between the metal 
corresponding fungicides. The method is successfviUy applied to the 
analysis of zineb and ferbam in water, tomato and vvheat grain. The 
fungicides are detennined with relative standard and relative error < 5 %. 
59 Cassella et al. have reported a new strategy' for the slurry 
sampling detennination of dithiocavbamate pesticide zineb (zinc 
ethylenebisdithiocarbamate) employing a flow injection system (FIA 
system) with a flame atomic absorption spectrometry (FAAS) detector. In 
the flow SN'Stem, an on-line alkaline hydrolysis of the pesticide is 
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performed, allowing the release of Zn(II) ions to the solution, which are 
easily detected by a FAAS. Several parameters such as the concentration of 
NH-,(aq) used in the hydrolysis step, the effect of the presence of Triton X-
100 on the sensitivity and precision, carrier flow rate and mixing coil 
vokime have been studied. Under optimized conditions, aqueous slurries 
containing 2.5-25 )uig/mL zineb provided good calibration fits. From the 
obtained data, a detection limit of I.O jig/mL zineb is found and a 
repeatability of 2.7% is obtained from 12 measurements of slurrv-
containing 2.5 |Lig/mL zineb. A precision of 7.8% is achieved from three 
detenninations of a sample containing 128 mg/g of the pesticide. 
(g) Chromatographic methods: 
(i) High performance liquid chromatography. Weissmahr et al. ' ha\e 
carried the analysis of the dithiocarbamate fungicides such as ziram, raaneb 
and zineb and the flotation agent ethyl xanthogenate by ion-pair reversed-
phase high perforaiance liquid chromatography in the natural water. The 
method is based on the in situ fomiation of a 1.1 Cu(n)-dithioligand 
compleN and its separation, as an ion-pair with hexane sulphonate on a C-
18 reversed-phase column and detected as 260-287 nm. Detection hmit is 
reported to be 3 fig/L (ziram), 9j.ig/L (maneb) and 4 jLig/L (ethyl 
xanthogenate). 
Zhou et al. have established a derivative high performance liquid 
chromatography method for quantitative determination of cisplatin in 
emulsions. Cisplatin was extracted by dimethylsulphoxide (DMSO) from 
emulsions and reacted with sodium diethyldithiocarbamate (NaDDC) to 
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produce a Pt(DDC)2 complex, which was extracted by chloroform and 
detected at 254 nm. An analytical column, U- Bondapak-CigH^y (5 j.im, 
150mm X 4m) was used with MeOH-H20 (80:20) as the mobile phase at a 
flow rate of 1 mL/min. Nickel chloride was used as an internal standard. 
The main recovery of extraction has been found to be 78.4 % with relative 
standard de\iation < 5%. 
Pico and Blasco '" have reported a quantitative matrix solid-
phase dispersion and liquid chromatography-atmospheric pressure 
chemical ionization mass spectrometry (LC-APCI-MS) method for the 
simultaneous analysis of dithiocarbamates (DTCs) and their degradation 
products in plants. 
Nakazawa et al. have developed a simple and sensitive method 
for the determination of dithiocarbamate fimgicides by reversed-phase ion-
pair liquid chromatography with chemiluminescence detection. 
Dithiocarbamate fungicides react with luminol to produce an intense 
chemikuninescence in the presence of hexacyanoferrate(III) and 
he.\acyanofenate(lI) in alkaline solution. The mancozeb and propineb are 
able to be separated using 5 mM phosphate buffer (pH 7.5) contained 
2 5 mM tetrabut>dammonium hydrogen sulfate/methanol (75:25) in a short 
tune The proposed method is applied to the analysis of vegetables spiked 
with ditliiocarbamate fungicides. 
(ii) Gas chromatography: Woodrow et al. ' have trapped air borne 
particulate residues that resulted from commercial applications of the 
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ditliiocarbamate fungicides (ziram and mancozeb) on glass fiber filters at 
14-16 L/min up to 24 h. Hydrochloric acid hydrolysis, with stannous 
chloride reduction, is used to convert these residues to carbon disulphide, 
which is partitioned into isooctane for assay using sulphur mode flame 
photometric gas chromatography. Limits of detection have been found to 
be about 0.3 j.ig (ziram) and 0.5 ).ig (mancozeb) per filter, which are 
equivalent to about 14-23 ng/m'(24h). 
Royer et al. have developed an automated gas chromatography 
headspace method for the detennination of dithiocarbamates in plant 
matrixes The limit of detection is below 0 02 mg/kg and the limit of 
quantification is below 0.05 mg/kg. 
Papadopoulou et al. ' have developed microwave-assisted 
extraction (MAE) method for the analysis of N.N-
dimethyldithiocarbamate(DMDTC) and ethylenebisdithiocarbamate 
(EBDTC) fungicides in fruits and vegetables. Residues are extracted from 
the plant matrixes and hydrolysed to CS2 in a single step in the presence 
of 1 5 % SnCU in 5 N HCl using a lab microwave oven operated in the 
closed vessel mode. The evolved CS2 trapped in a layer of isooctane 
overlaN'ing the reaction mixture, is analyzed by gas chromatography 
flame photoinetiic detection (GC/FPD). The limit of detection and limit 
of quantification are reported with in the range of 0.005-0.1 mg/kg. 
(iii) Thin-layer chromatography: It has been reported that the admixtures of 
0 / 7 - * - " * O T ^ O — " ' .~-
hea\> metal ions such as Mn" , Fe' ,Co~ ,Ni"' ,Cu" ,Bi' and Ag can be 
separated on cellulose plates impregnated with sodmm 
diethyldithiocarbamate using organic solvents as mobile phase. 
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Hoi^ vat et al. have studied the mobihty of acid herbicide 
(4-chloro-2-inethylphenoxy) acetic acid [MCPA] and 2-(4-chloro-2-iTiethyl 
phenoxy) propionic acid [MCPP] in soils of North-West Croatia by soil 
thin-layer chromatography (STLC). Mobility of MCPA and MCPP is 
influenced by the change in concentration of soluble salts and the effect of 
mineral composition of the system is studied i.e. content of kaolin and sand 
in soil thin layer. The mobility of both herbicides is high on sand but low 
on kaolin layers. The mobility of phenoxy herbicides MCPA and MCPP is 
altered by the presence of fertilizers when both co-exist in soil as a result in 
human activity. It is found that mobility of acidic herbicides increases with 
application of fertilizers especially on soil with low clay and low organic 
matter content. 
(iv) Paper chromatography: Rathore and Kumar have perfonned 
chromatogiaphy of Mn" , Fe"' , Fe" , Co", Ni" , Cu~', Zn" . Cd" . Hg" . 
Hg and Pb" on paper ships impregnated with sodium diethyl 
dithiocarbamate and its admixtures with Si02, CaS04. Na2C0,^, NaCl, 
NH4CI EDTA, NaOH, CaCO,, Na.HPOa and H3PO4. Several binaiy 
separations have been achieved experimentally. 
70 
(h) Adsorption studies: Alam et al. have evaluated the efficacy of low cost 
absorbing materials for removal of 2,4-D and atrazine herbicides from 
drinking water using linearized forms of equilibrium models like 
Langmuu". Brunauer, Emmett and Teller, Freundlich and Lopez-Gonzalez. 
the maximum adsorptive capacity is detemiined. Wood charcoal showed 
the best adsorptive capacity with Q a^x of 0.70 mg'g for 2.4-D and 0.80 
mg/g for atrazine. 
45 
Kumar and Philip have studied adsorption and uesorption 
characteristics of endosulfan in four Indian soils. The soils used are clayey 
soil, red soil sandy soil and composted soil as per ASTM (America! 
Society Testing and Materials). Adsorption and desorption rates are 
calculated From kinetic studies. The values varied for a and P endosulfan 
depending on the soil type. Maximum specific adsorption capacities for 
different soils are calculated by Langmuir model. The values varied from 
0 10-0 45 mg g for a-endosulfan and 0.09-0.27 mg/g for p-endosulfan. 
Maximum adsorption took place in clay soil followed b}' composted and 
led soil. Adsorption of a and P endosulfan are negligible in sand. The 
binding characteristics of various functional groups are calculated using 
seatchard plot. Effect of functional groups is more prominent in clayey soil. 
Endosulfan adsoiption decreases drastically in clay soil when the pH is 
1 educed 
Banerjee and Kumar'" have reported the performance of 
gianular activated carbon in the removal of acephate contained in the 
effluent of a nearby pesticide manufacturing industry'. The adsorption 
kinetics is represented closely by Langmuir isotherm. The adsorptive 
capacity of granular activated carbon for acephate (pesticide) is of the order 
of 0 046 mg/g 
D. SOIL 
Soil IS a dynamic natural body developed as a result of pedogenic 
processes during and after weathering of rocks, consisting of mineral and 
01 game constiUients, possessing definite chemical, physical, mineralogical 
46 
and biological properties, having a variable depth over the surface of the 
73 
earth and providing a medium for plant growth for terrestrial plants . 
As early as 5000 B.C., the Vedas and the Upanishads as well as 
other ancient Indian documents mention soil as synonymous with land-the 
Mother-supporting and nourishing all Hfe on the earth. Soils have been 
cultivated intensively for at least 5500 years. Soil is of fundamental 
nnportance and value to man. More than five billion people depend upon it 
foi" food and fibre. Use of soils for growing crop is known to men from 
tune unmemorial i.e. ft-om Vedic period. By the Buddhist period, the 
general principles of agricultural operations such as ploughmg, sowing and 
irrigation had been well understood. During the seventeenth century, an 
attempt was made in Europe to apply the knowledge of physical sciences, 
especialK' chemistry to the improvement of soils and agriculture. Study of 
soii beha^•iour as an agricultural material took a new turn with the study of 
colloidal matter of soil at the beginning of current century. The great 
importance of the study and reseaich in the field of clay minerals, soil 
chemistn. soil biochemistr\', soil microbiology, and soil pollution was 
73 
realized soon and people began to study soils in a scientific manner. 
Classification of Soil: To study soils satisfactorily and to use them for 
the benefit of mankind, some sort of classification is necessary. The value 
of field experimental work is restricted and may cxen be misleading unless 
the relation of one soil to another is known. 
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The history' of the classification of soils suggests three kinds of 
concepts: (a) soils as a habitat for crops, (b) soils as a superficial mantle of 
weathered rock, and (c) soils as natural bodies. 
The Russian soil scientist V.V. Dokuchaev and his associates were 
the first to develop the concept of soils as natural bodies that were subject 
to classification. Further, they noted a definite relationship among climate, 
^'egetatlon and soil characteristics. 
The latest comprehensive soil classification system, called Soil 
Taxonomy (Soil Survey Staff, 1975) maintains the natural body concept 
and has two other major features that make it most useful. First, the 
primaiy bases for identifying different classes in the system are the 
properties of soils, properties that can be measured quantitatively either in 
the field or in the laboratory. The second significant feature of Soil 
Taxonomy is the nomenclature employed, especially for the broader 
classification categories. 
Taxonomy (derived irom the Greek taxis, meaning "arrangement" or 
"order") is the systematic grouping of similar things; soil taxonomy is the 
scientific grouping of similar soils. The U.S. Soil Classification System 
officially adopted in 1965, the most general calegoiy is called order. There 
are six categories of classificafion in Soil Taxonomy, (a) order (the 
bioadest categop>'), (b) suborder, (c) gieat group, (d) subgroup, (e) family. 
and (f) series (the most specific category'). All world soils are placed into 
iu oideis, 111 the United States these are subdivided into 47 suborders. 185 
gieat gioups. 970 subgioups, 4500 families, and more than 10,500 soil 
series As a brief orientation, simple descriptions of the 10 orders are gi\en 
48 
in Table ].i. The 10 soil orders are categorized by the nature of the 
developed pedogenic horizons they contain, by the degree of mineral 
weathering (Oxisols and to some extent Ultisols), by the importance of 
swelling clay contents (Vertisols), and by being organic soils (Histosols). 
Govindarajan (1965) divided the soils of India into 24 major 
soil groups. Raychaudhuri and Govindarajan (197!) revised the soil map of 
India gi\'ing the equivalents of different soil groups in US comprehensive 
system of soil classification. The National Bureau of Soil Survey and Land 
Use Planning (1983) prepared a soil map using the units of Soil Taxonomy. 
Most widely represented soil groups of India giving their salient properties 
and equivalents in the US comprehensive system of soil classification 
are: 
(a) Alluvial soils: The name alluvial soil is given to soils which have 
de\eloped on alluvium irrespective of their profile de\elopment. They 
represent the most fertile agricultural land and occupy an estimated area of 
50 million hectare in the Indo-Gangetic plain and the Brahmaputra valley. 
These soils are widely distributed in Punjab, Haryana, Uttar Pradesh. 
Madhya Pradesh etc. These soils have a wide range of soil characteristics, 
\iz. acid to alkaline, sandy to clayey, normal to saline, sodic and 
calcareous, shallow to very deep. The soils are generally variable in colour 
49 
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depending upon the source of parent material and calcareousness. Their 
textures are variable ranging from very coarse to fine. In general they are 
fairly sufficient in phosphorou"? and well supplied with potassium, but are 
deficient in nitrogen and organic matter contents. They produce a wide 
variety of crops including rice, wheat, sugarcane, jute and potato. Most of 
the aiknial soils of India have been classified in the orders Entisols. 
liiceptisols and Alfisols. 
(b) Black soils: Typical soils derived from the Deccan trap, and having 
de\ eloped under semi-arid and sub-humid climatic conditions under grass 
\ egetation are known as black soils. These soils are commonly observed in 
Maharashtra. Western parts of Madhya Pradesh, Gujarat and some parts of 
A\ndhra Pradesh and Tamil Nadu. Black soils occupy an estimated area of 
54 million hectare. The soils are highly argillaceous, with clay content 
\ar\ ing from 30-80 %. The clay is dominantly smectitde in nature with 
higli coefficient of expansion and contraction. The soils are generalK' 
calcareous, neutral to slightly alkaline in reaction (pH 7.8-9.0). The 
silica /sesquioxide ratio of the clays varies from 3 to 3.5. They are poor m 
nitrogen and available phosphorus. The black colour of these soils is due to 
cla\-humus complexes and/or the presence of titaniferrous magnetite 
mineral and not due to organic matter content which is low. These soils are 
predominantly used for growing cotton, millet, sorghum. Shallow black 
soils on slopes have been classified in the order Entisols and Inceptisols 
while the deep and medium black soils in the order Yertisols. 
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(c) Red soils: Red soils are derived jfrom granites, gneiss and other 
metamorphic rocks, either in situ or from the decomposed rock materials 
under subtropical climatic conditions. Red soils occur extensively in 
Andhra Pradesh, Assam, Bihar, Goa etc. They cover an estimated area of 
55 million hectare. The main features of red soils are lighter texture, friable 
structure, absence of lime concentrations and free calcium carbonate and 
low contents of soluble salts. The soils are slightly acidic to slightly 
alkaline (pH 6.3-8.0). The dominant clay mineral is kaolinite with an 
admixture of illite. The colour of the soils is red to yellow, which is due to 
coatings of ferric oxides on the soil particles, rather than to a high 
proportion of the iron content. These soils are well drained. Maize, wheat. 
groundnut and pigeon pea are some of the cultivated crops in the red soil 
areas. Most of the red soils have been classified in Alfisols. 
(d) Laterites and lateritic soils: Laterite is a geological terai and means 
literally a rock. The lateritic soils are those in which laterization is the 
dominant soil forming process, i.e. eluviation of silica and enrichment with 
oxides of iron and aluminium. Laterite soils are rich in sesquioxides, 
de\'oid of bases and primary silicate minerals. Lateritic soils are usually 
characterized by a compact of vesicular structure, composed essentially of 
a mixture of the hydrated oxides of iron and aluminium with small amounts 
of manganese oxides, titania etc. The well developed laterites occur on hill 
tops and plateau of Orissa, Maharashtra. Kerala etc. Most of the lateritic 
soils have been classified in the order Ultisols and a few under Oxisols. 
S2 
(e) Saline and alkali soils: In India, salt affected soils are mainly confined to 
the and and semi-and regions They are mtrazonal as they are interspersed 
witli other zonal soils dominant of the tiact They are estimated to occup> 
seven million hectare, of which about 50% are m the Indo-Gangetic plain 
30% occui among black cotton soils and the remaining 20% are in the 
coastal legions of India The soils vary from saline to non-salme sodic In 
LOdisldl legions, saline soils aie most piedommant They have highlv 
ooluble salts (EC >4 mmhos'cm) such as chloiides and sulphates of 
sodium, calcium, and magnesium, low ESP (<15) and have low pH values 
of -- 8 2 These soils have greyish colours, platy surface and blocky subsoil 
structiue These soils have been classified in the orders Aridisol Inceptisol 
and 41 fI sol 
(f) Desert soils: A large part of the and region, belonging to Western 
Raiasthan, southern Haryana, south west Punjab and northern part of 
Gu)arat iMng between the Indus river and the Aravalli hills, covering an 
aiea of 29 million hectare has desert conditions of geologically recent 
oiigin The soils m the plains are mostly den\ed from alluMum and are 
pale blown to brown to yellow brown, fine sandy to loamy fine sand 
percentage of clay varj'ing from 2-8 i e very low and mostly structure less 
The piesence of sodium clay makes the soils susceptible to dispersion and 
less peimeable The pH of the soils langes from 8-8 8 The presence of 
phospiiare and nitrate make the desert soils fertile and productive undei 
moibture supply These soils have been classified in the order Andisol and 
Entisul 
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(g) Forest and hill soils: The total forest area in India is estimated at 55 
million hectares which constitutes 18% of the total geographical area. The 
niajor forest areas are covered by tropical, deciduous, coniferous and 
tropical evergreen forests and occur in Himachal Pradesh, Jammu & 
Kashmir, Uttar Pradesh, Orissa etc. The major soils in different forest areas 
are: Brown Forest and Podzolic (m the Himalayas) and Red Lateritic soils 
(m the Deccan Plateau). The Himalaya soils are fonned under cool/cold 
humid condition and on sedimentary, igneous or metamorphic rocks. The 
Deccan plateau soils are formed from igneous and metamorphic rocks 
under tropical conditions. 
(h) Peiity and marshy soils: The peaty soils, occupying a limited area of 
about 15,000 hectare occur in humid climatic environments as a result of a 
large accumulation of organic matter. These soils, in addition, may contain 
considerable amount of soluble salts. These soils occur in parts of Kerala 
and are locally called "kari" soils. These soils are black, clayey and 
strongly acidic with pH as low as 3.5-4.0. and contain 10-40 % organic 
matter. These are dark to black in colour due to presence of abundant 
organic matter. These are fine in soil texture. The acidity is due to 
formation of sulphuric acid and decomposition of organic matter under 
anaerobic condition. Free aluminium and ferrous sulphates are present. 
Marshy soils are generally blue/giey due to the presence of ferrous iron 
under anaerobic conditions and contain varying amounts of organic matter. 
Marshy soils of this type occur in the coastal tracts of Orissa, in the 
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Sunderban areas of West Bengal, in the central portioS^f north Bengal and 
in the south - east coasts of Tamil Nadu. 
2. The Soils of Aligarh District: Aligarh covers an important area among 
the districts of Uttar Pradesh (India). The district lies towards north of the 
Ganga-Yamuna Doab within the parallels 27" 29' and 28 " 11' north latitude 
and 77" 29' and 78 ° 38' east longitude. The district is of fairly big size with 
an area of 3137.55 km". Its alluvial deposits have a gentle slope from north-
west to south-east. There are several natural depressions apart from those 
formed by the river valleys and drainage lines. Topogiaphically the district 
presents a trough like appearance with high Ganga and Yamuna banks at 
the extreme rims. 
The climate of the distiict is semiarid subtropical with mean 
annual air temperature of 26.7 "C and mean annual rainfall of 775 mm. A 
fluffy layer of salts, about 2.5 cm thick, is observed on the surface during 
diy months. Water table fluctuates between 0.2 and 2.0 mm depth. The 
soils of the district are allu\ial with a little leaching and considerable 
accumulation of salts on the surface. The alluvial beds varying from olive 
brown to ash grey in colour, very stiongly alkaline to weak alkaline in 
nature, pass through the successive layers of sand, sand-silt and clay with 
occasional compact beds of kankar of an indurated character. According to 
the order of the genesis of the principal soil types, the district of Aligarh 
has been grouped mto six natural soil regions. 
Soils of Aligarh district have also been classified as ''Hirapur 
Series" by National Bureau of Soil Survey and Land Use Planning ' ' . This 
series is distributed extensively in Aligarh and adjoining districts of U P 
I hese soils ate imperfectly drained and show moderately slow 
peinieability 
E WORK DONE 
In this thesis the following woik has been carried out 
1. A new spot test has been developed for the detection of dithiocarbamate 
tungiLidcb such as mancozeb, propineb sodium diethyldithiocarbainate. 
zmeb at nkg lex el in soil and water The colour formation is based on the 
decomposition of dithiocarbamate to carbon disulphide which reacts with 
plumbite in alkaline medium to foim a brown complex that finally converts 
to black lead sulphide The colouied product exists as a bright brown-
black colloidal solution in foimaldehyde or glycerin or hydroxylamine 
hydiochlonde The lower limit of detection (7 5-75 nkg) for mancozeb 
This v\oik has been described in chapter II 
2. Synthesis and characterization of some new dithiocarbamates such as zinc 
diethyldithiocai hamate, zinc diethyldithiocarbamate-phosphate and zinc 
phosphate haxe been made The details of this study are given m 
chaptei III 
3. Chaptei IV describes the results of soil thin-layer chromatography of 
dithiocai hamate fungicides namely mancozeb. propineb sodium 
diethyldithiocai hamate, zineb and ziiam The lesults of adsorption of 
sodium dieth>ldithiocarbamate on chaicoal and soil by batch equilibrium 
piocess aie also discussed in this chaptei 
^6 
A new, simple, rapid and selective volumetric method has been developed 
for the detennmation of dithiocarbamate fungicides such as mancozeb. 
propineb and zineb in aqueous suspension of their formulations. Silver 
nitrate and potassium chromate are used as a titrating reagent and as a 
chromogen to detect the end point respectively. The results and other 
details are given in chapter V. 
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A. INTRODUCTION 
Dithiocaibamates such as mancozeb, propineb and zineb are being 
used as agiicultural fungicides in grapes, cauhflowei. potato, 
chillies, apples, groundnut, paddy etc The concentration of pesticide 
lesidues is incieasing day by day in the enMronment due to then 
lepeated use for the long period The pesticide lesidues analysis 
n n o h e s five steps such as quahtatne detection, pre-concentration or 
extraction sepaiation oi clean-up. estimation and then identification 
Spot tes*^  analysis has been found to be extremely simple. 
inexpensive and useful for the preliminary chaiacteiization/detection 
of the pesticide residues in an environmental matrix 
Therefore, in continuation to oui pie\ious woik ii 
was thought worthwhile to develop a new spot test by stud\ ing 
exhaustively a biown coloui leaction of dithiocaibamates with 
plumbite in presence of formaldehyde This spot test was fiistK 
lepoited by Feigl and Weisselbeig' in 1931 and secondly, by Rosen 
Thalei in \9^^ for the detection of carbon disulphide It is based on 
the decomposition of dithiocarbamates into carbon disulphide which 
pioduces bi own-black colour with plumbite in piesence of 
foimaldehyde Now effoits have been made to utilize this leaction 
foi the detection of dithiocarbamate fungicides m water and soil The 
lesulis ubiaiiicu die uesciibed in this chapter 
o4 
B. EXPERIMENTAL 
1. Apparatus: Aluminium heating block, U-tube, micro-test tube, 
whatman No. 1 filter paper etc. were used. 
2. Chemica l s and Reagents: Mancozeb (75% W'T) (Modern Insecticides 
Ltd., India); propineb (70% WP) (Bayer Chemicals Company. India); 
formaldehyde solution (37-41% w/v), sodium diethyldithiocarbamate 
(97%) (CDH, India); zmeb (75% WP) (Indofil Chemicals Company. 
India); lead monoxide (Qualigens Fine Chemicals, India); in water were 
used. All other reagents and chemicals used were of AR or LR grade. 
3. Preparat ion of Solutions: Plumbite reagent (Pbt) was prepared by 
dii,^ol\ing lead monoxide (Ig) in 32% aqueous sodmm hydroxide solution. 
The homogeneous suspensions of mancozeb (0.75%), propineb (0.70%) 
and zineb (0.75%) were prepared in distilled water (DW). Solutions of 
sodium diethyldithiocarbamate (1% NaDDC), sucrose (40%). ascorbic acid 
(10%), glucose (40%), starch (2%), hydroxylamine hydrochloride (40%). 
potassium permanganate (5%) and sulphuric acid (10 M) were also 
prepared in DW. 
4. Preparat ion of Indicator Paper: The paper strip of whatman" 
No. I filter paper (1x4 cm) was dipped in a watch glass containing the 
reagent, the excess reagent was drained (draw) off and then the semi-
dried paper was used for detection. Always freshly prepared indicator 
paper was used. 
5. Col lect ion of Soil Samples: Loam soil from Jattan village in 
tehsil Khair, clay loam from tehsil Sikandra-Rao and from the barren 
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fields aiound Aligarh Muslim Uni\ersit> (A M L ) silty clay loam 
fiom telisil Atrauli from the fields in the neighbourhood of Sankra 
bus-stand about 3km from the rivei bank, agricultural farm soil from 
A M U were collected from district Aligarh (L P) Red soil was 
col letted fiom Bhubaneswar (Onssa) The sampling was done duiing 
the month of April To obtain a composite sample, small portions ot 
soil weie collected from the desired depth (0-15 cm or more) \Mth 
kbiiipi fiom 10-15 weU distributed spots (from each sampling unit 
I e a plot) after scrapping off the suiface litter A V-shaped cut (up 
to the plough layer) was made and a unifoimly 1 5 cm (approx ) thick 
slice was taken out The soil collected in this manner was thoroughly 
mixed on a pohthene sheet oi concrete floor and bulk was leduced 
by quaiteiing and about 500 g of the composite sample was retained 
The soil was quickly air dried m shade at room tempeiature and put 
in pohthene bag with suitable desciiption and identification matks 
by tagging 
6. Detection Procedures: 
(a) Detection in solution: Analyte (0 ImL of 1%) was taken in a micio-
test tube 3-4 diops of the reagent were added to it and after thorough 
mixing the colour developed at room temperature (25±3"C) and at 
elexated tempeiature (55±5"r^ was noted In second attempt the 
anahte was tieated with one drop of dilute sulphunc acid (10 M). the 
leagent was added and the coloui developed was noted In thud 
attempt the mixture of the analyte and the sulphuric ac:d was brief!} 
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heated, then the reagent was added and the colour developed was 
recorded. 
The lower limit of detection (LOD) was measured by using the 
known volume (0.1 mL) of the standard analyte solution of different 
concentrations in the latter procedure. 
(b) N'apour phase detection: 
(i) Indicator paper detection: The analyte solution (0.1 mL of 1%) was taken 
in a micro-test tube The moisture contents were removed by heating at 
50-70 'C. The contents were cooled to room temperature and a drop of 
cone. H;S04 was added to it. The indicator paper was hung in the test tube. 
The contents were heated at 25-150"C. If indicator paper turns 
brown-black the dithiocarbamate is present. The LOD was measured by 
taking the known volume (O.lmL) of the standard solution of the analyte of 
different concentrations. 
(ii) I '-tube detection: The analyte solution (O.lmL of 1%) was taken in 
a lest tube A (9.8x1.2 cm, inner diameter) jointed with a side 
( -tube ( 16 9x0 3 cm. inner diameter) as shown in Figure 2.1. The 
moisture was removed by heating, the contents were cooled to room 
temperature (25±2"C), one drop of 10 M H2SO4 was added to it and 
the reagent (O.lmL) was taken in the side U-tube. The tube A was 
stoppered and heated at 60-150"C to bubble the fumes (CS2) through 
L'-tube containing the reagent. The change in colours of the reagent 
was noted after one minute. The LOD was measured by taking the 
67 
CO 
reagent 
analytc 
Figure 2.1: U-tube for the detection of dithiocarbamates. AH dimensions 
arc m cm 
68 
known volume (0 1 mL) of the standard solution of the analyte of 
diifeient concentrations 
(iii) Detection in soil: A soil sample (10 mg) was taken in a micro-test 
tube dithiocarbamate solution (0 1 mL of 1%) was added to it and 
the above piocedures were used to detect the dithiocaibamate 
A soil sample (2g) was taken in a watch glass it was 
tieated with dithiocarbamate solution (2 mL of 1%) and the sample 
was dned at loom tempeiatuie (25±2 C) A portion of the treated soil 
was t c t ed for dithiocarbamate using the above pioceduies This 
study was conducted for 10-15 days and the dithiocarbamate residue 
was iound to be present The LOD m soils was measured by adding 
known \oIunie of standaid solutions of dithiocarbamate undei stud\ 
m the known weight of soil sample 
C . RFSIILTS AND DISCUSSION 
fable 2 1 shows the nature of the colour developed with XaDDC 
and nidiicozeb with different leagents at 25+3 C and 55+5 C The 
1 OD of NaDDC, mancozeb propineb and zineb aie given m Table 
2 2 Table 2 3 shows the lesults of detection of above 
dithiocaibamates in soil using difteient leagents and techniques The 
lesults of detection of zineb and propineb in different types of soils 
aie sunnnaiized m Table 2 4 
X-l 0 
It has been repotted that \anthates thioxanthates 
diHiiocaibamates thiuram d'sulphides etc on acidification liberate 
69 
carbon disulphide Carbon disulphide is converted into 
li illiiocarbonate on treatment with alkali hydroxide; 
3CS: - 6K0H ^ 2K2CS. + K.CO. + SH.O 
The trithiocarbonate reacts with heav\' metals to <ii\e 
insoluble salts, which can be readily decomposed with the formation 
of sulphide Carbon disulphide can be quickly con\erted into lead 
sulphide b\' treatment with cone caustic alkali and a plumbite 
solution However, it is not applicable at trace level of carbon 
disulphide Feigl has remarked that the formation of 
tiithiocarbonate and hence of PbS can be accelerated by 
foimaldeh\de for a reason that is not well understood Acetaldehyde. 
benzaldehyde. arabinose, glucose and lactose show the same effect 
This action affords a means of detecting small amount of carbon 
disulphide Hence the spot test understudy seems to be promising for 
the nanokilogram detection of dithiocarbamate fungicides in 
cn\ iionmental samples 
fable 2 1 shows that NaDDC does not give colour with 
plumbite and it produces colour with plumbite m presence of dilute 
acid at room temperature {15±1 C), as well as at ele\'ated 
temperature (55±5 C) However, mancozeb produces colour directly 
With plumbite It may be due to the fact that NaDDC does not split 
off to CS: without acid while mancozeb produces colour without 
acid Ihis obsei\ation is on line with literature i e , dithiocarbamates 
aie unstable in acidic medium and heaxy metal dithiocarbamates are 
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ieaclil> decomposed to give sulphides The results guen in Tables 
2 1 2 2 and 2 3 shows that the bright colour was obtained with 
leagent plumbite-formaldehyde (3 1) provided that plumbite uas 
added tiist and then foimaldehyde i e , if formaldehyde was followed 
b) plumbite good bright colour was not produced The admixtures of 
plumbite and foimaldehyde also pioduce bright coloui The biight 
colou! was also obtained when glycerin or h\droxylamine 
h) diochioiide was used in place of formaldehyde Hence 
lndio\> lamine hydrochloiide and formaldehyde ' are reducing agents 
wliile gKceim has not been lepoited to be a reducing agent 
1 heietoie eithei reducing or oxidizing nature of the reaction medium 
does not play any lole in this colour reaction It was also observed 
that the late of settling of brown-black precipitate is in the following 
sequence 
Paiaffin < CCI4 -^  gum < fevicol < deteigent < HC1< ethanol < 
distilled water < NaOH< glycerin < formaldehyde 
Hence it seems that the fine paiticles of plumbite 
sulphide exist as colloidal paiticle m glycerin and formaldehyde 
Ihus the lole of glycerin 01 foimaldehyde 01 h\droxylamine 
hydiochloiide is to form biight brown-black colloidal sxstem at nkg 
le\el of dithiocaibamates The colour reaction understudv is 10 times 
moie sensitixe m solution state than \apour state 
The lesults leported in Tables 2 1,22 and 2 4 shows that 
the common impuiities such as hardness causing substances 
deteigent silt clay and soil do not pioduce any colour with the 
leagent Therefore, spot test under study can be successfully used for 
the detection of dithiocarbamates m soil and water. 
-i-y 
Table 2.1: Detection of dithiocarbamates using sodium plumbite 
and its admixtures as the reagent 
4ll i l l>i i . ' 
TS 
TS+H.SO, 
TS+H SO,- \T 
IS 
IS<H SO, 
TS+H^SOi+A'i 
TS+1^S0,+ M 
rs 
I S ' H . S O , + A r 
IS411 s o , 
I S ' H s o 
rS+H:S0,+AT 
TS+H S O , ' \T 
rs 
TS+H SO, 
rS+H:SO,+ AT 
'rS+H:SO,+AT 
TS 
TS-H_SO ^^T 
TS+H:SO, 
T S T H : S 0 , 
TS-rH SO,-'-AT 
TS-H SO,+Ar 
TS 
TS-H.SO, 
TS-t-H-.SO,-^AT 
rs-H so,-Ai 
rs 
Pbi 
Pbl 
Pbl 
Foi niciidcln dc 
Fomiaidclndc 
Reufjent 
Fonnaldelnde+Pbl' 
Pbl+Formaldelndc' 
Foniiaideli\dc+Pbl' 
Pbl Fonualdch\dc' 2 1 
Foriiialdcln dc <-Pbt' 1 1 
Pbi+Formaldclndc' l 1 
Fornialdclndc--Pbf 1 1 
Pbl-Fomiaidclndc' 1 1 
Sucrose 
Siicioso 
Sucrosc+Pbl' 
PblT-Siicrosc' 
Sucrosc-rPbl' 
Pbl Sucrose' 
Sucrosc+Pbt" 
Pbl+Sucrosc' 
Suciobc-Pbl' 
Pbl-^Sucrosc' 
Glucose 
Glucose 
Glucose+Pbl' 
Pi'"-Glucose'' 
Glucose-Pbl' 
2 1 
1 1 
3 1 
^ 1 
3 1 
Colour 
NiiDQC 
RT 
NC 
Br 
Br 
NC 
NC 
Bi 
DBr 
NC 
Br 
NC 
NC 
NC 
Br 
NC 
NC 
NC 
LBr 
NC 
Br 
NC 
NC 
NC 
Br 
NC 
NC 
Br 
DBi 
NC 
ET 
NC 
LBl 
LBl 
NC 
NC 
Bl 
Bl 
NC 
DBr 
Br 
LDBr 
Br 
Bl 
NC 
NC 
Y-Br 
LBr 
NC 
DBr 
VLBr 
Br 
LBr 
LDBr 
NC 
\ c 
DBr 
Bl 
NC 
MancoAch 
RT 
DY-Br 
Br 
DBr 
NC 
NC 
DBr 
DBr 
Br 
DBr 
NC 
NC 
NC 
DBr 
NL 
NC 
Bi 
DBr 
LBr 
DBr 
NC 
DY 
NC 
DBr 
NC 
NC 
BI 
DBr 
Br 
ET 
BI 
Bl 
Bl 
NC 
NC 
Bl 
BI 
Bl 
Bl 
Br 
LDBr 
Br 
Bl 
XC 
NC 
Bl 
Bl 
Bl 
Bl 
NC 
Bl 
\c 
Bl 
NC 
NC 
DBr 
Bl 
DBr 
IS^H S0,+A1 
rs^M so 
TS+H SO, 
TS+H SO,+AT 
^S^H SOi+AT 
IS 
TS+H SO 
TS^ H SO +AT 
TS+H SO,+AT 
TS 
IS4H SO +M 
IS Mi SO 
TS+H SO, 
ISrH SOi+AT 
IS+H SO,+AT 
IS 
IS II SO, 
rs H so ^^T 
TS+H SO,+AT 
rs 
TS+H SO,+AT 
TS+H SO, 
IS-H SO, 
TS+-H SO,+AT 
TS+H SO,+AT 
TS 
TS+H SO, 
TS-H SO,+AT 
rS II SO ^AT 
IS 
TS+H SO,+AT 
TS+H SO, 
TS-H SO, 
rs-H SO,-AT 
Pbl Glucose' 2 1 
Gkicose+Pbt" 1 1 
Pbl+Glucose' 3 1 
Gliicose+Pbf 3 1 
Pbt+Glucose'' 3 1 
Stfircli 
Sl.ircli 
Starch+Pbf 
Pbt+Stdrch'' 
St.irch+Pbf 
Pbt St.irch'^  2 1 
Slarcli+Pbl' 1 I 
Pbl+Starch'' 3 1 
Slarch+Pbt' 3 1 
Pbt+Slarcli' 3 1 
Ascorbic acid 
Ascorbic acid 
Ascorbic acid+Pbl' 
Pbt+Ascorbic acid"" 
Ascorbic acid+PL •* 
Pbl Ascorbic acid' 2 1 
Ascorbic acid+Pbt' 3 I 
Pbl+Ascorbic acid' i I 
Ascorbic acid+Pbl' 3 1 
Pbt+Ascorbic acid' 3 1 
Dimcllulaminc 
Diiiictln lainine 
Dinicllnlaminc+Pbl'' 
Pbl+DimctliMaininc' 
Diinctln laminc+Pbt^ 
Pbt Diinetlnlainine' 2 1 
Dimctlnlainine+Pbf " i 
Pbl-Diinclli\laiiiinc' 3 I 
Dimclluiaiiunc+Pbl 3 ! 
Br 
NC 
Br 
NC 
DBr 
NC 
NC 
VLBr 
DBr 
NC 
NC 
NC 
VLBr 
NC 
DBr 
NC 
NC 
Br 
DBr 
NC 
NC 
NC 
NC 
NC 
DBr 
NC 
NC 
NC 
DBr 
NC 
Br 
NC 
NC 
\'C 
DBr 
NC 
LDBr 
NC 
BI 
NC 
NC 
VLBr 
DBr 
NC 
VLBr 
NC 
VLBr 
NC 
DBr 
NC 
NC 
DBr 
Bl 
DBr 
DRBr 
NC 
NC 
NC 
Bl 
NC 
NC 
VLBr 
LDBr 
NC 
LDBr 
NC 
NC 
NC 
NC 
NC 
LBr 
NC 
DBr 
NC 
NC 
DY 
Br 
NC 
Br 
NC 
DY 
NC 
Br 
NC 
NC 
Br 
DBr 
Br 
NC 
NC 
NC 
NC 
DBr 
NC 
LBr 
DBr 
Br 
DY 
DY 
DY 
LBr 
DY 
NC 
NC 
Br 
NC 
Bl 
\c 
NC 
Bl 
Bl 
D\-B1 
DBr 
\ C 
Bl 
NC 
Bl 
NC 
\ C 
DBr 
Bl 
DBr 
Br 
\ C 
\c 
NC 
Bl 
\ C 
Br 
Bl 
DBr 
Bl 
Bl 
BI 
Bl 
Bl 
TS-rH:SO,+AT 
TS 
TS+H;SO, 
TS+H:SO,+AT 
T,S+H^SO,+AT 
TS 
TS+H^SO,+AT 
TS+H;SO, 
TS+H:SO, 
TS+H:SO,+AT 
TS ' ILSO, tAT 
TS 
TS+H:SO| 
rS+H:SO,+AT 
TS-^I1:S0,+AT 
TS 
IS+H:bUi+Al 
TS+H:SO, 
^S-^H_SO| 
TS+H:SO,+AT 
TS+H:SO,+AT 
IS 
TS+H;SO| 
T'^+H:SO,+AT 
TS+H:SO,-rAT 
TS 
TS+H:SO,+AT 
TS+H:SO, 
T S T H ^ S O , 
TS+H:SO,+AT 
T S + H : S 0 , + A T 
TS 
!b+H_SOi 
TS+H.SO,^AT 
Pbt+Dimethylaniine'' :.3 1 
Siiica gel 
Silica gel 
Sihca gel+Pbf 
Pbt+Sihca gel'' 
Silica gcl+Pbt" 
Pbt Sihca ger 2 1 
Silica gel+Pbt": 1 1 
Pbl+Silica gel ' ' 3:1 
Sihca gcl+Pbt" ;.3 1 
Pbl+Sihca gcf •'i 1 
GI\cerin 
Glycerin 
Gl>ccriii+Pbt-
Pbl+Gl\cerin'' 
Ghccrin+Pbl' 
Pbl Gl>ccnn' . 2 i 
GKcerin+Pbr' :-3 I 
Pbl+GhccriiV' . 3 1 
Ghccriii+Pbt" ::3.1 
Pbl + Glycenn'' :.3.1 
Soap 
Soap 
Soap+Pbt" 
Pbl+Soap'" 
Soap+Pbt' ' 
Pbt Soap' -2.1 
Soap+Pbt"" ^ l 
Phi-^Snap'' ^ 1 
Soap-^Pbt" • 3-1 
Pbl-Soap' .3 1 
Gum 
Gum 
Gum+Pbt' 
DSr 
NC 
NC 
\ ^ B r 
LBr 
NC 
NC 
NC 
NC 
NC 
LBr 
NC 
NC 
DBr 
DBr 
NC 
Br 
NC 
NC 
NC 
DBr 
NC 
NC 
Br 
DBr 
NC 
-
NC 
NC 
NC 
DBr 
NC 
NC 
NC 
LBI 
NC 
NC 
VLBr 
LBr 
NC 
VLBr 
NC 
NC 
NC 
LBi 
NC 
NC 
Bl 
B! 
NC 
Bl 
NC 
LBr 
NC 
Bl 
NC 
NC 
LDBr 
DBr 
NC 
-
NC 
NC 
NC 
DBr 
NC 
NC 
NC 
Br 
NC 
NC 
Y 
LDBr 
DY 
NC 
LY 
LBr 
NC 
LDBr 
NC 
NC 
DBr 
DBr 
Br 
Br 
NC 
DY 
NC 
DBr 
NC 
NC 
Br 
DBr 
NC 
-
NC 
NC 
NC 
DBr 
NC 
NC 
Br 
Bl 
NC 
NC 
Bl 
LBI 
LBI 
Br 
LBr 
Bl 
NC 
LBi 
NC 
NC 
Bl 
Bl 
Bl 
Bl 
NC 
DBr 
NC 
Bl 
NC 
NC 
Bl 
Bl 
Bl 
-
NC 
NC 
NC 
Bl 
NC 
NC 
Bl 
7^ 
I Si H bO, + A r 
TS 
IS*H s o , W 
TS il SO 
TS+H SO, 
TS+H S O , ^ A T 
TS+H SO I + AT 
TS 
TS^II SO, 
rsin so + \j 
IS-rH S 0 | +AT 
rs 
TS+H^SOi + AT 
TS-H SO, 
IS II s o , 
IS-rH S0 , -^AT 
TS+H.S0, + AT 
TS 
TS+H^SO, 
rS+H SO, I-AT 
TS-iH S 0 , + \T 
IS 
TS+H SO, + AT 
r s - H SO, 
rs+H so, 
IS-H s o + \ l 
TS+H S 0 , + AT 
TS 
TS+H SO, 
IS-H b O , - A T 
rS-H SO, -AT 
rs 
rS-^H s o , - A T 
Pbt+GuiH 
Gum + Pbr 
Pbi Gum' 2 1 
Guin+Pbt ' 11 
Pbt + Gum'' 3 1 
Gum + Pbf 3 1 
Pbt + Gum' 3 1 
Par.iffin oi! 
PaialTin oil 
Paramn oil+Pbl' 
Pbl^Paraffin oil'' 
Paraffin oil+Pbl' 
Pbl Paraffin oil" 2 1 
Paraffin oiKPbl ' 3 1 
Pbi-P.iraffiii oil' 3 I 
Paraffin oil+Pbl' 3 1 
Pbt+Paraffin oil'' 3 1 
Fc\Icol 
Fc\ I col 
Fc\icol+Pbt 
Pb(-Fc\ icol' 
FcMCol+Pbl* 
Pbt Fc\ icor 2 1 
FcMcol+Pbt' 3 1 
Pbt+Fe\ icol'' 3 1 
l-c\ icol+Pbt 3 I 
Pbl+Fc\icol' 3 1 
H\ drow lamme Indrochlondc 
H\dro\\ldnimc Indrochlondc 
Hvdrowlammc hsdroclilondc+Pbt' 
Pbt T^ H\ drow lamiiic Indrochlondc' 
H\dio\\laiiiinc h\drochlondc+Pbl' 
Pbl H\dro\\laminc Indroclilondc*^ 
DBr 
NC 
NC 
LBr 
NC 
DBr 
NC 
NC 
Br 
DBr 
NC 
NC 
NC 
NC 
Br 
NC 
NC 
LBr 
DBr 
LBr 
NC 
NC 
NC 
DBr 
NC 
NC 
NC 
DBr 
DBr 
Br 
Bl 
NC 
\c 
LBr 
NC 
Bl 
\ C 
NC 
LBl 
LBl 
\ C 
\c 
\c 
NC 
LBl 
NC 
\c 
LBr 
DBr 
LDBr 
NC 
\T.Br 
\ C 
DBr 
\ C 
NC 
\ C 
Bl 
Bl 
DBr 
DBr 
Br 
NC 
DY 
NC 
DBr 
NC 
NC 
Br 
DBr 
DY 
NC 
VDY 
NC 
DBr 
NC 
NC 
LBr 
LDBr 
Br 
NC 
DY 
NC 
LDBr 
NC 
NC 
DBr 
DBr 
DY-Br 
Br 
Bl 
Bl 
NC 
Bl 
NC 
Bl 
NC 
NC 
Bl 
Bl 
Bl 
NC 
Bl 
NC 
Bl 
\C 
NC 
LBl 
LBl 
LBl 
NC 
Bl 
NC 
LBl 
\c 
NC 
B! 
Bi 
Bl 
DBr 
I able 2.1 conta... 
TS+H,SO, 
TS+H^SO, 
TS+H_SO, 
TS+H^SO, 
TS 
TS+H SO, 
TS+H SO, 
TS+H SO, 
TS 
TS+H SO, 
TS+H SO, 
TS+H:SO, 
TS+H SO, 
rs+H SO, 
TS 
TS+H^SO, 
TS+H SO, 
IS+H SO, 
TS 
TS+H SO, 
TS+H^SO, 
TS-H^SO, 
TS+H-SO, 
TS+H SO, 
TS 
TS+H^SO, 
TS+H SO, 
TS+H-^SO, 
Fb 
TS+H SO 
TS-rH.SOj 
TS+H.SO, 
+ AT 
+ AT 
+ AT 
+ AT 
+ AT 
+ AT 
- AT 
-AT 
+ AT 
^AT 
+ AT 
-AT 
+ AT 
-AT 
-AT 
H\drQ\vlamine hydrochlonde+Pbi" 
1 ) ' 
Pbt+H% dro\'^ laminc hj droclilonde*" 
3 1 
H\ dro\\ lamme hvdrochlonde+Pbt' 
^ 1 
Pbt+H> droM lamme In drochlonde'' 
Alummium o\ide acidic 
Aliinunium oxide acidic 
Aluminium oxide acidic+Pbt' 
Pbl+Alummuim oxide acidic' 
Alummuim oxide acidic+Pbt" 
Pbt Ahimimum oxide acidic" 
Aluminium oxide acidic+Pbt'' 
Pbl+Alummium oxide acidic'' 
Aluminium oxide acidic+Pbt' 
PblT Aluminium oxide acidic'' 
Aluminium oxide basic 
Aluminium oxide basic 
Aluminium oxide basic+Pbt' 
Pbt+Aluminium oxide basic' 
Alummium oxide basic+Pbt" 
2 1 
1 1 
1 1 
1 I 
T 1 
Pb( Alunimiuin oxide basic"^  2 1 
Aluminium oxide basic + Pbf 
Pbt+Aluminium oxide basic' 
Alummium oxide basic+Pbf 
Pbl+Alummium oxide basic' 
Polassium pennanganalc 
Potassium pennangaiuite 
Polassium pemianganate+Pbi 
Pb!+Potassium pennanganate'' 
Potassium pennanganale+Pbl' 
Pbt Polassium pennanganalc' 
Polassium peniumganate+Pbi' 
Pbl+Potassium pennanga. ate' 
3 1 
1 1 
3 I 
3 1 
2 1 
:; 1 
1 1 
NC 
LDBr 
NC 
DBr 
NC 
NC 
LBr 
Br 
NC 
81 
NC 
LBr 
NC 
Br 
NC 
NC 
Br 
DBr 
NC 
Bl 
NC 
NC 
NC 
DBr 
VT)Br 
NC 
Pr 
Gr 
Gr 
GrBr 
1 1 
Gr 
^C 
V\ \ K: 
NC 
BI 
NC 
NC 
Br 
DBr 
NC 
LDBr 
NC 
Br 
NC 
DBr 
NC 
NC 
DBr 
Bl 
NC 
LDBr 
NC 
NC 
NC 
Bl 
VDBr 
NC 
Pr 
\'DBr 
VDBr 
VDBr 
n-
VDBr 
NC^ 
. D Y ^ 
NC~~" 
DBr 
NC 
NC 
Br 
DBr 
DY 
Br 
NC 
DY 
NC 
DBr 
NC 
NC 
Br 
DBr 
LDY 
Br 
NC 
NC 
NC 
DBr 
VDBr 
NC 
PrBr 
Gr 
Gr 
GrBr 
Gr 
NC 
NC 
BI 
NC 
NC 
Bl 
Bl 
Bl 
LDBr 
NC 
DBr 
VLBr 
Bl 
NC 
NC 
DBr 
Bl 
Bl 
LDBr 
NC 
LBr 
NC 
Bl 
VDBr 
NC 
PrBr 
Gr-DBr 
Gr-DBr 
\T)Br 
1 H-*t 
VDBr 
TS^H:SOl^AT Potassium pemmnganale+Pbl"'' i^ 1 Pr Pr PrBr PrBr 
TS+H:SOi + AT Pbt+potassium pennanganate'' l i Gr VDBr Gr VDBr 
a = compound I was added and then compound II was added mto the test tube, 
b = compound II was added and then compound I was added into the test tube, 
c = admixture of I and II was added into the test tube, Bl = black, Br = brown, 
D = dark, ET = elevated temperature (55±5"C), Gr = green, L = light. NC = no 
colour, Pr = puipie, Pbt = plumbite. R = red, RT = room temperature (25±3"C), 
V = very, Y = yellow and AT = brief heating. 
Table 2.2: Lower limit of detection in water of some 
dithiocarbamates using different reagents and 
technologies 
Reagent 
Pbt-Pomialdch\de 3 I 
Pbl Surcosc 3 1 
Pbl Glucose 1 1 
Pbt Starch 1 1 
Pbt Ascorbic acid 3 1 
Pbt Dimctlnlamine 3 I 
Pbt Silica gel 3 1 
Pbt Ghccnn 3 1 
Pbl Soap 3 1 
Pbt Gum 3 I 
Pbt Paraffin oil 3 1 
Pbt Fe\icol 3 I 
Pbt H^dro\^lamlne 
Indrochlondc 3 I 
Pbt Aluminiuiu oxide 
acidic 3 I 
Pbt Aluminium oxide 
basic 3 1 
Pbt Potassium 
pennanganate 3 1 
Pbt Fomialdclnde 3 i 
Pbt Ghcenn 3 1 
Pbl H^dro\\lamnie 
Indroclilonde 3 1 
Solution state 
NaDDC 
100 
1000 
100 
100 
100 
100 
1000 
100 
1000 
100 
1000 
100 
100 
100 
100 
1000 
ZincI) 
75 
1> 
75 
Manco/eb 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
750 
Propineb 
7 0 
7 0 
70 
Lofl er limit of detection (nkg) 
NaDDC 
100 
1000 
-
1000 
1000 
-
-
100 
-
-
1000 
-
100 
1000 
1000 
-
Zineb 
75 
75 
75 
Vapour 
U-tube 
Mancozeb 
75 
75 
-
750 
75 
750 
750 
75 
-
-
75 
-
75 
75 
75 
-
Propineb 
70 
70 
70 
state 
Indicator paper 
NaDDC 
100 
1000 
-
1000 
1000 
-
-
100 
-
-
-
-
100 
1000 
1000 
-
Zineb 
75 
75 
75 
Manco/eb 
75 
75 
-
75 
750 
75 
75 
75 
-
-
750 
-
75 
75u 
750 
-
Propinel) 
70 
70 
70 
79 
o 
!Z1 
B 
a 
S '5JD 
o o 
o =2 
••c a 
o c 
. § 1 
I- - ^ 
• • 
H 
ll 
•a 
c 
I 
I 
Q 
P 
I 
m 
§ 
1 
u 
§ 
Ui 
? 
m Q
o 
o 
ff! 
CQ 
Q 
o 
o 
• (S 
• I 
m 
Q 
o 
o 
o 
t-l 
m Q 
1 
S 
1 
Ut 
CQ 
G 
o 
o 
s 
o 
= 2. 
a 
U 
Q 
q 
I-) 
PQ 
^ 
i 
m 
w-i 
t^ 
03 
^ 
f!L 
m 
w-i 
r-
c 
= 
•5 
c O 
O 
o 
a 
m 
^ 
A 
m 
3 
g 
m Q 
o 
CQ 
CQ 
Q 
c 
o 
o 
CQ 
•J 
CQ CQ 
03 
CQ 
Q 
CQ 
Q CQ CQ 
o o 
o o 
o o 
DQ 
o 
CQ 
o 
o 
CQ 
•J 
S 
o o o o 
o o o o 
o o c o 
w w v- t-
CEj CQ 23 33 
G Q C Q 
8 § 
03 
03 
I 
s 
Q 
J 1 
CQ Q 
w 
03 
G 
V-< 
03 
G 
u 
03 
Q 
. -^ :i 
i I I 
c 
E 
-3 
c 
l-( 
i) 
> O 
,_i 
<^  
ex 
^ 
.« 
^^  
m 
g 
Z2 
o 
m 
o 
> ZJ 
03 
Q 
I 
i-i 
03 
G 
S C3 
^ 03 
u 
> 03 
•^  G 
03 
i 
03 
3 
s 
t-4 
03 Q 
03 
G 
-I 
i 03 
Q 
03 
1 
03 
G 
t-i 
03 
Q 
03 
G 
J 
^ 03 
Q 
s 
0. 
03 
G 
s 
7. ri^ 
5 
03 
G 
J 
;ii 
CQ 
G 
03 
G 
•J 
ti, 
CQ 
Q 
"T 
^^  
;=^  
03 
G 
KJ 
w 03 
O 
03 03 G G 
•2 
"3 ~ 3 
£ £ 
^ < 1 < J 
_ -3 
r4 
Z 
r - I-- i~~ 
N 
^ r r- r-
N 
^ r- r~~ r-
Sl 
CvJ 
OS 
'> 
CD 
.B 
< 
C/2 
a. 
S 
a 
c 
» 
c 
•a 
'5i 
o 
•a 
o 
"I 
r4 
« H 
c 
a 
c 
C3 
CI 
-5 
c 
3 
O 
C5 
3 
c 
o 
oo 
o 
c 
oa 
Si 
I I 
I 
< 
-I 
c 
St 
:& 
r\ 
O 
C\ 
oa 
I 
CQ 
Q 
Q 
-J 
I 
oa 
Q 
CQ 
CQ 
Q 
CQ 
- J 
I 
> 
CQ 
CQ 
Q 
l > 
CQ 
> 
CQ 
I 
CQ 
Q 
CQ 
03 Q 
CQ 
CQ 
o 
- i ,r 
CQ 
Q 
icS 
ina 
CQ 
1 
;_ 
m Q 
<ri 
t-^ 
CQ 
1 
k d 
CO 
D 
t /~i 
r~-
1 
_ QQ 
Q 
"O 
r-~ 
1 
m G 
CQ 
- J 
1 
m Q 
'/"» t~-
u< 
QQ 
1 
u. 
CQ 
Q 
V~i 
r-
CQ 
_1 
1 
£ Q 
i ^ CQ 
<r, 1 
r - 1 — 
s l o 
3 
i 
CQ 
Q 
•/~^  
r^ 
CQ 
1 
v~, 
CQ 
Q 
'/". 
r- ^ CQ 
Q 
CQ 
m 
-2 5 
u < 
CQ 
ICQ 
CQ 
Q 
Q 
3 
ICQ 
D 
^ 
CQ 
Q 
> 
t/~. 
r- CQ 
Q 
> 
iCQ 
»/~l 
l-~-
CD 
i Q 
1 / ^ 
r~ 
I 1 
I -iCQ 
1 C 
I CQ 
r- I — 
CQ 
_! 
1 
£Q 
|CQ 
'r, 1 
r~ — CQ 
1 Cl 
I CD 
ICQ 
CQ 
.-
CQ 
1 
L « 
CQ 
Q 
• i ^ 
r--
s 
_! 1 
CD 
Q 
IcQ 
1 ^ 
•/-. 1 
t- i CQ 
Q 
1 ^>-^ 
i » </- 1 
r^  
_ CQ 
Q 
> 
ca 
Q 
CD 
D 
J 
i 
02 
D 
CQ 
I 
ca 
Q 
m 
CQ 
o 
CQ 
- J 
a 
23 i-J 
I 1 
1 v. 
I GQ 
Q 
a; 
c 
CQ 
CQ 
CQ 
ca 
oa 
Q 
m 
QQ 
- J 
CQ 
Q 
cn 
CQ 
Q 
ca 
- J 
OQ 
Q 
> • 
Q 
1 
i-^ 
CQ 
Q 
o 
r~ 
> • 
Q 
1 
u. 
CQ 
D 
O 
r-
> 
a ! l l 
cc Q 
o 
K 
>-
D 
1 •— 
I . r^ 
m Q 
CQ 
_1 ( 
CQ 
Q 
— OJ 
c 
J^ 
5 
>% 
y 
CO 
CQ 
Q 
CQ 
I 
CQ 
CQ 
Q 
IDQ 
CQ 
m 
|CQ 
iCQ 
P ; -
CQ 
Q 
\ ~ 
-a 
^ ^ 
>. 
O 
p 
o 
cc 
CO 
CD 
CD 
Q 
j Q 
IQQ 
m 
CQ 
CQ 
Q 
ICQ 
I I 
J L _ 
CQ 
D 
> 
CQ 
CQ 
Q 
o 
- J t75 
m 
CD lea 
Q Q 
CQ 
CQ 
tea 
> 
CQ 
CQ 
QQ 
i m 
S 
03 
_J 
1 
CQ 
Q 
> 
m 
• 1 
tea 
f Q 
i> 
CQ 
,CQ 
> 
CQ 
o 
G 
a j 
=0 
CC 
QC 
— 
r*" 
CJ 
"O 
>^  r" 
CJ 
"O 
"5 
c 
u_ 
—; 
rvi 
<u 
J D 
03 
r -
c 
(U 
^^  
^ o 
^ 
<: 
-o = 
-2 
P OJ 
D. REFERENCES 
1. "/'//c Ay:rochemicals Handbook", eds. D. Hartley and H. Kidd, Royal 
Society of Chemistry, Nottingham, England, 1987. 
2. Rcilhoic H S , Rao R. A. K. and Kumar M., J. Indian Chein. Sot . 
2004, 81. 616-617 
3. Rathore H S , Mital S.. Kumar S. and Singh Y. N., Proc Nat Acad 
Sci India. 2001, 71 (A), 176-183. 
4. Rathoie H S and Mital S., ./ Planar Chromatogr . 1997, 10, 124-
127 
5. Rathore H S . Sharma R and Mital S., Water, Air, Soil Pollut., 1997, 
97 431-441 
6. Feiul F and Wei.sselberg K . Z Anal Chem.. 1931. 83. 101 
7. Rosen T L . Pharm. Zeniralhalle., 1933, 74, 288 
8. Mand A and Lim F. S.. Perianika^ 1986, 9(1), 23. 
9. Cullen T E , Anal. Chem., 1964, 36 (1), 221-224. 
10. .Sharma N and Verma B. C , Proc. Nat. Acad Sci India .1993, 64 
(A) 111. 333-337 
11. Feigl F and Anger V , ^'Spof Te.st in Organic Analy.sis". 
Vol 7 \ Elsevier, Amsterdam, 1966. 
12. Cotton F A , Wilk inson G , Murillo A C and Bochmann M . 
"Advanced Inorganic Chemistry". 6*'^  ed.. A Wiley-Interscience 
Publication, John Wiley and Sons Inc., New York, 1999 
84 
13. Finar I L , '''The Fundamental Principles of Organic Chemistry". 6 
ed . Vol 1 \ ELBS, Longman Singapore Publishers Ltd., Singapore, 
1989 
85 
CWi(Pi^^iii 
(DmimrL(Di'mioci<mAMji'm juv© 
\. INTRODUCTION 
Liteiatuie shows that there are a wide variety of compounds of anions 
SIILH as dithiocarbamate, dithiocarbonate, dithiocarboxylate, 
tuthiotaibonate. xanthate. thioxanthate, dithiophosphinate and 
dialkvldithiophosphinate Each of these ions may have a corresponding 
monothio analogue that is S, O bound Dithiocarbamate and 
dilhiophosphniate complexes have nnpoitant uses The fonner are used as 
fungicides and for solvent extraction and the latter are used as high-
piessuie lubricants Dithiocarbamates stabilize high oxidation states as m 
[Fe'^(dtc)H] or [Ni (dtc)3]" Although dithiocarbamates are usually made 
fiom sodium salts such as NaS^CNMcT or by oxidations using thiuram 
disuiphides, they can also be made by msertion reactions of CS2 vvith 
dialkvlamides Similarly, dithiophosphinate and dialk^ldithiophosphates 
aie made fiom their sodium salts such as NaS2PR2and NaS2P(OR)2 
7-IK 
Many authors investigated organometallic compounds due 
to their chemical, biological and envnonmental importants and examined 
19-33 dieii \anous pioperties Mojumdar et al ha\e described the 
tlicimo-anal>tical properties of vaiious organometallic compounds Up to 
oui best knowledge, the thermo-analytical and fungicidal properties of zmc 
dieth>ld)thiocarbamate. zinc diethyldithiocarbamate-phosphate and zmc 
phosphate weie not investigated in details This fact has prompted us to 
undertake a s\stematic study of these newly synthesized mixed zmc 
dieth\ Idithiocaibamate-phosphates This chapter describes the synthesis, 
chemical physical as well as biological pioperties of zinc 
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diethyldithiocarbamate, zinc diethyldithiocarbamate-phosphate and zinc 
phosphate 
B. EXPERIMENTAL 
1. Apparatus and Instruments: Atomic absorption spectrophotometer 
(GBC 902, Austaha), Autoclave (Narang Company. India), Fourier 
tiansfomied infrared spectrometer (Interspec 2020, India), UV-VIS 
spectiophotometer (CL 24 Ehco Pvt Ltd, India), Magnetic stirrer (Sunvic. 
U k ), Mehmg point apparatus (Pooja Scientific Instruments, India), 
Temperature controlled electric o\en (Tempo, India), TGA-DTA 
instiument model Perkm Elmer (Pyres Diamond, U S A ) and X-ray (B V 
PW 1710 Philips Analytical. Netherland) were used 
2. Chemicals and Reagents: Acetone (Ranbaxy, India), agar-agar (Hi 
meJia Laboiatones Ltd, India), ammonium molybdate tetrahydrate, n-butyl 
acetate, coppei sulphate pentahydrate. oxalic acid dihydrate, sodium 
diethyldithiocai hamate (97%) (CDH. India), benzene (Sarabhai M 
Chemicals, India), citric acid (Indian Drug and Pharmaceuticals Ltd, 
India), dinieth} Isulfoxide (DMSO) (Sisco Research Laboratories P\t Ltd , 
India), fungi husanun sp (Department of Microbiology, A M U , India), 
ethylenediaminetetra acetic acid (EDTA), sodium hydroxide pellets 
tiisodium phosphate 12- hydrate ( Merck. India), glucose, peptone, sodium 
nitiate (Qualigens Fine Chemicals. India), zinc sulphate heptahydiate (SD 
Fine Chemicals India) were used All other chemicals and reagents, used 
weie of A.R or LR giade 
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3. Preparation of Solutions: The solutions of ammonium molybdate 
(3 %). citric acid (25%), copper sulphate (0.2%), EDTA (4%o), nitric acid 
(IM. i 6 M). oxalic acid (1 N), sodium hydroxide (0.1 M), sodium nitrate (2 
%), sodium diethyldithiocarbamate (0.1 N), tiisodium phosphate (0.1 N) 
and zinc sulphate were prepared in distilled water (DW). A homogeneous 
nvxture of glucose-peptone-agar (40:10.15) was prepared in demineralized 
water (DMW) and sterilized by autoclaving at 121 °C, 15 lb/cm" for 20 
min. The solution of the compounds understudy was prepared (1.2-1.8%) 
in DMSO and their homogeneous suspension (1%) was prepared in 
distilled water. 
4. Preparation of Dithiocarbamate and Phosphate of Zinc: 
(a) Zinc diethyldithiocarbamate (Ci): Aqueous zinc sulphate solution (500 
niL of 0.1 N) was added drop wise with continuous stirring into a solution 
of sodium diethyldithiocarbamate (500 mL of 0.1 N). The precipitate was 
left o\'ernight. and then it was filtered on a buckner funnel. The product 
was washed three times with DW, and dried at 60± 5 °C. FinalK'. the 
precipitate was desiccated over calcium carbonate for a week. 
(b) Zinc phosphate (C2): Solution of trisodium phosphate (500 mL of 0.1 N) 
was taken in place of a solution of sodium diethyldithiocarbamate and 
above procedure was followed. 
(c) Zinc diethyldithiocarbamate-phosphate (Cj-C^): Solution (500 mL) 
containing 250 mL of 0.1 N trisodium phosphate and 250 mL of 0.1 N 
sodium dietiiyldithiocarbamate was taken in place of a solution of sodium 
diethyldithiocarbamate and the procedure (a) was followed. 
5. Analysis of Samples: 
(a) \ - r ay : X-ra\' diffraction of powder samples was recorded. The results are 
gi\ en in Table 3.1 
(b) FTl R: The FTIR spectra were taken using KBr disc method in the range of 
400- 4000 cm' The results are shown in Table 3.2. 
(c) TGA and DTA: The thermo gravimetric analysis of the samples was 
earned out at a constant heating rate 10 °C/min up to 1000 °C in air 
atmosphere (300 mL/min). The results are recorded m Table 3.3 and 
Figures 3 1-3 4 
(d) Spectrophotometry: Copper sulphate solution (10 mL of 0.2 %) was taken 
in a beaker, 5 mL of 25 % aqueous citric acid was added into it. the mixture 
was render slightly alkaline with dilute NH:? solution, the excess of 
ammonia v,as boiled off and then 15 mL of 4 % EDTA were added into it. 
The contents were cooled to room temperature, transfeired into a 
separatory funnel. 0.6 mL of 1 % analyte was added to it. the mixture was 
shaken for 45 s. and then the yellow product was extracted in 10 mL of n-
butyl acetate The lower layer was discarded and the organic layer was 
taken to determine the absorbance "' at 435 nm asamst a blank The blank 
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was prepared by treating 10 mL of n-butyl acetate v\ith the above 
admixture without the analyte. 
(e) Volumetry: The test sample (0.025 g) was weighted, dissolved in 5 mL of 
16 M HNO^, and then 20 mL of distilled water and 10 g of ammonium 
nitiate were added mto it This mixture was heated at 55 in 5 °C foi 5 mm 
and then it was treated with 50 mL of 3 % ammonium molybdate solution 
The piecipitate thus fonned "' , was filtered off, and washed with 2 °'o 
sodium nitrate solution and DW until the washings become neutral The 
un-reacted precipitate was dissolved m 50 mL of 0 1 M sodium hydroxide 
The un-reacted sodium hydroxide was titrated with 1 N oxalic acid using 
phenolphthalem as an indicator The results were calculated fiom the 
following relation-
1 mL of 0 1 N NaOH = 0.000309 g P.Os 
- 95X2X 0.000309 g PO4 /142 
Volume of 0 1 N NaOH was taken for dissolving the ppt = x mL 
\ olunie of 0 1 N oxalic acid required for neutralization of the alkah= y mL 
\ ohime of 0 1 N NaOH used for dissolving the ppt = x - y mL 
% of PO4 m the sample = (lOOX (x - y) X95X2X 0 000309g PO4/I42) 
weight of the sample 
(f) Atomic absorption spectrophotometry: The dried and powdered sample 
(100 mg) was dissolved m 10 mL of 1 M HNO s^ and then it was diluted 
with DW to obtain a solution of the required concentration for analysis 
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(g) Melting point: It was determine as usual and the results are given in 
Table 3.4. 
(h) Solubility: The powdered sample (100 mg) was shaken with 10 mL of 
solution/solvent in a 250 mL of conical flask. The contents were placed at 
room temperature (30±2 "C) for 24 h and then the changes were noted. The 
results are recorded in Table 3.5. 
(i) Fungal activity test: The synthesized compounds were tested for fungicidal 
activity b}' agar well diffusion method ' using Fusarwm sp. by the 
following procedure: 
(i) Sabourad dextrose agar plates: A homogeneous mixture of glucose-
peptone-agar (40:10:15) was sterilized by autoclaving at 121 °C and 15 
lb/cm"' for 20 min. The sterilized solution (25 mL) was poured onto each 
sterilized petii dish in laminar flow and left for 20 min to form the 
solidified sabourad dextrose agar plate. These plates were inverted and 
kept at 30 °C in incubator to remove the moisture and to check an\-
contamination. 
(ii) Antifungal assay: Fungal strain was grown in 5 mL sabourad dextrose 
broth (glucose: peptone. 40:10) for 3-4 days to achieve 10^ CFU/mL cells 
The fungal culture (0.1 mL) was spread out uniformly on the sabourad 
dextrose agar plates by sterilized triangular folded glass rod Plates were 
left for 5-10 mm so that culture is properly adsorbed on the surface of 
sabourad dextrose agar plates. Now small wells of size ( 4 X 2 mm) were 
cut inio ihe plates with the help of well cutter and bottom of the wells were 
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sealed with 0 8 % soft agar to prevent the flow of test sample at the bottom 
of the well The test solution 100 i^L of 1.2%, 1 4%, 1 6% and 1 8 % were 
loaded mto the wells of the plates DMSO also loaded as control The 
plates were kept for mcubation at 30 °C for 3-4 days and then the plates 
weie examined for the fonnation of zone of mhibition The results are 
recorded m Table 3 6 and Figures 3 5-3 8 
C. RESULTS AND DISCUSSION 
Zinc diethyldithiocarbamate (Cj) is a well-known compound It has been 
piepaied foi the sake of comparison The product, which has been obtained 
by the piocedure understudy, is white to off white crystalline powder 
(Table 3 1) It is soluble m dilute HCl, HNO^, H2SO4 and DMSO, slightly 
soluble in acetone and benzene, and insoluble m methanol and DW It 
melts at 200 °C IR spectrum shows the presence of C=S (997 31s cm') 
and C-N (1272 10s cm ) bands (Table 3 2) The compound shows 
fungicidal activity (Table 3 6 and Figure 3.5) as they inhibit the fungal 
growth by forming inhibition zones of 12mi-n, 13mm, 14mm and 15 mm 
foi I'usanum \p DTA and TGA data (Table 3 3 and Figure 3 1) show only 
one peak at 330 °C and only one mam plateau corresponding to 83 18 % 
weight loss The following chemical equation can be proposed on the basis 
of above data 
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{C2H5)2 N C - S 
AT 
Zn 
2 
t . 2{C?H5)2N I -2CS2 I +Zn 
39.84% 42.06% 18.09% 
or 
(C2H5)2 N C— S 
AT 
Zn + H2O • 
2 
t +2CS2 t+ 2(C2H5)2NH I i ZnO 
38.48% 40.06% 21.45% 
This weight loss is due to the decomposition of zinc 
diethyldithiocarbamate and evaporation of (C2H5)2NH (b p. 55.5°C) and 
CS2 (b.p. 46.3°C). The data given in Table 3.4 support the above 
conclusions. 
Literature ' survey shows that several types of zmc phosphates such 
as (Zn^,(P04)2-4H30; Zn3(P04)2-Zn(OH)2; Zn,(P04):Zn(OH)2-3H20: 
2Zn^,(P04)2-4Zn HP04-H20 and Zn3(P309)2-9H20) have been prepared by 
using different procedures. The product understudy (Co) is a white 
cr}/stanine powder (Table 3.1). It melts at > 300°C and is soluble in dilute 
HCi. HNO-,. H2S04and DMSO; slightly soluble in acetone and insoluble in 
benzene methanol and DW. IR analysis shows that it contains P-0 
(11 1 1.60 cm"') and P=0 (949.96 cm"') and (1006.83 cm ' ) bands. It does 
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not show any fungicidal activity (Figure 3 6) for the fungi understudy In 
D FA and TGA of zmc phosphate understudy show the first major peak at 
92°C (weight loss 7 6 %) follows by the first minor peak at 115°C (weight 
loss 22 33%), second major peak at 286°C (1 81%) and second minor peak 
dt 330°C (4 16%) (Table 3 3 and Figure 3 2) On the basis of above data the 
ioUowing stiuctuie can be proposed 
Zn,(P04)2 Zn(0H)2 • 3H2O • Zn,(P04)2 Zn (0H)2 + 3 H.O f 
89 99% 10% 
7n2P207 + 2ZnO < Zm(P04)2+ZnO -^  H . o t 
56 38 % 30 16 % 71 57 % 5 08 % 3 3 % 
1 able 3 4 supports the above conclusions 
Zmc diethyldithiocarbamate-phosphate (C^) is a white ciystalline 
powder (Table 3 1) melts at 194 °C, soluble m dilute HCl HNO „^ H2SO4 
and DMSO, slightly soluble in acetone and benzene, and insoluble in 
methanol and DVV IR analysis shows that it contains C=S (996s cm' ) and 
C- \ (1264s cm ) bands It shows fungicidal activity (Figure 3 7) as it 
miiibits the giowth of husanum sp by mhibition zone of 12mm. 13mm, 
i4mm and 15 mm DTA and TGA cunes as shown in Figure 3 3 are 
similar to those of zmc diethyldithiocarbamate Sample C-, seems to be zmc 
diethyldithiocaihamate, which contains zinc phosphate as impurities It 
ma\ be due to the co-piecipitation of the latter It attributes to the fact that 
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zinc diethyldithiocarbamate is totally insoluble while zinc phosphate is 
feebly soluble in water. 
Zinc diethyldithiocarbamate-phosphate (C4) is a white crystalline 
powder (Table 3.1) melts at 221°C, soluble in dilute HCl HNOi, H2SO4 
and DMSO; slightly soluble in acetone and benzene; and insoluble in 
methanol and DW. IR shows that it contains C=S (996s cm"') and C-N 
(1273 24s cm") bands. It shows fimgicidal activity (Figure 3.8) as it 
inhibits the fungal growth by forming an inliibition zone of 11mm, 13 mm. 
12min and 13 mm for Fusanum sp. DTA and TGA (Figure 3 4) show 
almost the similar behaviour as shown by zinc diethyldithiocarbamate. 
Samples C^s and C4 seems to be almost similar in nature i.e. they are 
mixture of zinc diethyldithiocarbamate and zinc phosphate Table 3.4 
supports the above conclusions and it also shows that concentration of zinc 
in C-, and C4 is less than that in zinc diethyldithiocarbamate (Ci). It may be 
due to the presence of zinc phosphate in CT. and C4 at trace levels. 
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Table 3.1: Powder X-ray data of zinc dithiocarbamates and 
phosphates 
d-values 
U'A° 
S 7S 
7 10 
6 14 
S03 
4 19 
4 2S 
^ 77 
1 (.> 
2 82 
2 68 
8 77 
7 29 
6 14 
=; 02 
4 40 
4 2S 
3 77 
16S 
2 82 
2 67 
Angle 
29 
c, 
10 10 
12 12 
14 42 
17 62 
20 19 
20 86 
21 56 
24 18 
31 64 
13 42 
10 08 
12 14 
14 40 
17 61 
20 17 
20 86 
23 56 
24 34 
31 63 
33 47 
Relative 
hitensit> % 
100 
72 00 
52 30 
25 58 
36 04 
56 97 
47 67 
24 41 
34 88 
25 50 
100 
62 10 
49 47 
25 26 
37 89 
52 63 
45 26 
23 15 
32 63 
24 21 
d-values 
aVA° 
413 
4 83 
4 57 
400 
3 42 
2 85 
2 62 
2 09 
1 93 
1 52 
8 76 
7 30 
6 14 
5 03 
440 
4 25 
3 77 
3 65 
2 82 
2 67 
Angle 
20 
C2 
9 68 
1835 
1940 
22 18 
26 03 
31 39 
34 18 
43 13 
46 90 
60 70 
iOOo 
12 10 
14 42 
17 62 
20 18 
20 86 
23 57 
24 39 
31 65 
33 47 
Relative 
Intensity % 
74 22 
13 40 
100 
17 52 
23 7] 
65 97 
13 40 
10 30 
23 71 
13 40 
100 
70 65 
52 17 
27 17 
36 95 
59 78 
47 82 
26 08 
35 86 
26 08 
C| = zinc diethyldithiocarbamate. C: = zinc phosphate. C^  = zinc 
diethvldithiocarbamate-phosphate, Cj = zinc diethyldithiocaibamate-
phosphate 
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Figure 3.5: Fungicidal behaviour of zinc diethyldithiocarbamate (Ci) 
on Fusarium sp. by agar well diffusion method 
Figure 3.6: Fungicidal behaviour of zinc phosphate (C2) on 
Fusarium sp. by agar well diffusion method 
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Figure 3,7: Fungicidal behaviour of zinc diethyldithiocarbamate-
phosphate(C3) on Fusarium sp. by agar well diffusion method 
Figure 3.8: Fungicidal behaviour of zinc diethyidithiocarbamate-
phosphate(C4) on Fusarium sp. by agar well diffusion method 
107 
D. REFERENCES 
1. Colton F A . Wilkinson G , Murillo A C and Bochmann M , "'Advanced 
Inorganic Chemi.sliy", 6"' ed , John Wiley and Sons Inc, A Wiley- Inter 
Science Publication, New York, 1999 
2. Czakis-Suhkowska D , Czylkowska A and Mahnowska A , ./ 77ierm 
Anal ( r//. 2002, 67. 667 
3. lona E , Kubranova M , Simon P and Mrozmski J , J Therm Anal Cal. 
1996,46, 1325 
4. jona E Siiota A , Simon P and Kubranova M , Thermoclvm Acta, 1995. 
258. 161 
5. Ramadevi A and Srmivasan K ./^e.s ./ Chem Hnviron ,2005,9, 54 
6. Patel R N and Pandeya K B , Synth React Inorg Met-Org Chem. 
1998 28 23 
7. Patel R N and Pandeya K B ,7 Inorg Biochem , 1998. 72. 109 
8. Ondiusova D . Jona E and Simon P ../ Therm Anal Cal. 2002, 67. 147 
9. Jona E , Rudinska E . Sapietova M , Pajtasova M and Ondrusova D , Res 
J ( hem hnvn-on, 2006, 10(2), 31 
10. Pa|taso\a iVl . Jona E, Koman M and Ondrusova D . Polish J Chem. 
2001.75. 1209 
11. Jona E, Pajtasova M, Ondrusova D and Simon P . J Anal AppI 
/'w7;/is/s.2002,63. 17 
12. kubiano\a M Jona E, Rudinska E . Nemcekova K, Ondruso\a D and 
Pajtasova M ,./ Iherm Ana! Cal, 2003, 74, 251 
108 
13. Ukiaintseva E A , Logvinenko V A , Soldatov D V and Chingina T A , 
/ Iherm Anal Co/, 2004, 75, 337 
14. Snnivasan B R and Sawant S C , Thermochim Ada, 2003, 402. 45 
15. Czakis-Suhkowska D and Czylkowska A , J 7hernia/ Anal Cal ,2003 7 
395 
16. kiatosiko\a A , Mitasova B , Jona E and Bobosikova M , Chem Papers. 
2001,55,290 
17. Cakir S , Bulut I , Bicer E , Coskun E , and Cakir O , ./ Eleciroanalytical 
(/?t^w, 2001,511, 94 
18. Czakis-Sulikowska D , Czylkowska A and Malinowska A . J Therm 
Anal CW, 2001, 65, 505 
19. Moiumdai S C , Melnik M and Jona E ,7 Anal AppI Fyrolysis. 1998. 46. 
147 
20. Moiumdai S C , Melnik M and Jona E , Polish J Chem . 1999. 73. 293 
21. Moiumdai S C Valko M and Melnik M , C'/jew Fope^rs, 1998. 52, 650 
22. Moiumdai S C , Melnik M and Valko M , Polish J Chem , 1999, 73. 457 
23. Moiumdai S C, Melnik M and .lona E , Thermochim Acta. 2000. 
352 129 
24. Moiumdai S C . Martiska L , Valigura D and Melnik M , J Therm Anal 
( a!, 2003, 74. 905 
25. MoHimdat S C , Melnik M and Jona E ,J Anal AppI Pyrolysis. 2000. 53. 
149 
26. Moiumdai S C , Lebruskova K and Valigura D , O'/em Papers 2003,57 
245 
27. Moiumdai S C Melnik M and Valko M , ?o//s/7./ r/?ew 1999,73,457 
109 
28. Moiumdai S C , J fherm Ana/ Ca/. 2001, 64, 629 
29. Melmk M , Moiumdar S C and Koman M , Polish J Chem , 1999. 73, 
1293 
30. Saleh M T . Mojumdar S C and Lamoureux M ,/?es ./ Chem Environ, 
2006 10(2), 14 
31. Mo|umdai S C Varshney K G , Gupta P and Agiawal A ./^f s ,/ Cheni 
/mimn 2006, 10(2), 85 
32. VloiLiindai S C , Varshney K G and Agrawal A Res / Chem FnYiron 
2006 10(1) 89 
33. Mo|uindar S C , Martiska L , ValiguraD and Melnik M ,./ Iherm Anal 
( W , 2005, 81,243 
34. Rathore H S and Varshney C , J Indian Council Chem 2005, 22(2). 
71-74 
35. Chopia S L and Kanwar J S , ''"Anahtical Apicuhural Chemisfn". 
Kalyani Publishers, New Delhi, 1999 
36. Rathoie H S Mital S and Kumar S . Fesiicide Res J , 2000. 12(1). 103 
37. Melloi I W, ".4 Coniprehensne }realise on Inorganic and Iheoretical 
( hemistrx Vol 4", Longman, London, 1963 
10 
CHMT^'Si- -f^  
TVo^gici^yEs mrsoiL im^- LA'y^^ 
CH:^MMog<i^^jeY 
A. INTRODUCTION 
The soil thin-layer chromatography has been used to study the frequent 
occunence of pesticides in underground waters by their leaching from 
soils. The literature survey shows that Helling' established this technique in 
tlie mid - 1970's. He studied the mobility of forty pesticides on Hager town 
silty clay loam plates and he grouped pesticides into five categories based 
on their relative mobilities. 
2 
In 1996 Kruger et al. have reported the relati\e mobilities of 
auazine, five atrazine degradates, matolachlor and simazine in soils of 
Iowa using soil thin-layer chromatography. They have concluded that the 
greater mobility was seen in Fruitland (sandy) and Nashua (sandy clay 
loam) subsurface soils, which also had the least organic matter contents. 
Recently, Horvat et al. have studied the change in mobility of phenoxy 
herbicides by the presence of fertilizers in soils with low clay and low 
organic matter. 
The literature also shows that activated carbon adsorption is the 
most promising approach for the control or deactivation of pesticide 
residues translocation from soil to plant. A number of papers " have been 
published on the feasibility of activated carbon mixing in soil under 
realistic conditions. A few examples are summarized in the following 
paragraph: 
Miller and Mc Carty have postulated that one has to apply about 
200 pounds of activated charcoal per acre (4.6 pounds per thousand square 
feet) for each pound of pesticide active ingredient per acre. Singh et al. 
have reported the adsorption-desorption behavior of fenamiphos, linuron, 
simazme and diquat pesticides in some Western Australian soils They 
have suggested that hysteresis results from organic matter effectively 
"locking in" the adsorbed pesticide 
The adsorption studies of oxytetracychne on activated 
1 1 12 
chaicoal . acephate pesticide on granular activated charcoal , 2,4-D and 
13 14 
atrazine on wood charcoal and endosulfan on four Indian soils ha\e 
also been lepoited 
In this district, dithiocarbamate fungicides are used to protect, 
potato and tomato crops from fungus during the period, December- January 
when sunlight becomes meagerly available due to excessne fog and smog 
Thus, the fungicides are used at a huge quantity and their residues exist m 
soil at high concentiation However, adsoiption-desorption behavior of 
dithiocarbamate fungicides on soil, charcoal and admixture of chaicoal-soil 
has not been studied so far Attempt also has not been made to coirelate the 
mobility of dithiocarbamate fungicides to reveal the pesticide residues 
tianslocation fiom soil to plant Therefore, it was thought worthwhile to 
study adsorption and mobihty of some dithiocarbamate fungicides on soil, 
activated charcoal and admixtures of charcoal-soil by batch process as well 
as by thin-layer chromatography in aqueous medium The results are 
lepoited in this chaptei 
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B. EXPERIMENTAL 
1. Apparatus: Carbon disulphide reaction system (J-SIL, India), 
ConductiMty meter (Elico Ml80, India), pH meter (Elico L1I20, India), 
TLC applicator (Stahl, India), Temperature controlled electric o\en 
(Tempo India), Ultrasonic vibrator (Siskin Instruments Co Pvt Ltd 
Geinian\) and Micropipette (Pipetman, GLISON, France) were used 
2. Chemicals and Reagents: Charcoal decolourizing powder activated 
(Qualigens Fine Chemicals, India), cellulose microcrystalline. lead acetate 
and sodium diethyldithiocarbamate (NaDDC) (97%) (CDH, India). 
mancozeb (75% WP) (Modem Insecticides Ltd , India), propineb (70% 
VVP) (Bayer Chemicals Company, India), zineb (75% WP) (Indofils 
Chemicals Company, India) and ziram (GSC, India), were used All other 
chemicals and reagents were of AR or LR grade 
3. Collection of Soil Samples: Soil samples were collected from AMU 
Foit, Sikandia Rao and Jattari of Aligarh district and their characteristics 
aie recoided in Table 4 1 The sampling was done during the month of 
Apiil To obtain a composite sample, small portions of soil v\ere 
collected fiom the desired depth (0-15 cm or more) with Khurpi from 
10-15 well distributed spots (from each sampling unit l e , a plotj 
aftet scrapping off the surface litter A V-shaped cut (up to the 
plough layei) was made and a uniformly 1 5 cm (approx ) thick slice 
was taken out The soil collected in this manner was thoioughh 
mixed on a polythene sheet or concrete flooi and bulk was reduced 
i n 
b> quaitenng and about 500 g of the composite sample was retamed 
The soil was quickly air dried in shade at room temperature and put 
in polythene bag with suitable description and identification marks 
by tagging 
4. Determination of Physico-Chemical Properties of the Soil: Foi 
the stud\ of some physico-chemical properties the faim soils weie 
collected, an diied, ground, and sieved through 600 mesh sieve and then 
the following studies were carried out 
(a) Mechanical analysis was done by the pipette method using sodium 
oxalate as the dispersing agent 
(b) pH of 1 5 soil suspension m distilled water was measured using glass 
electiode pH metei 
(c) Eiectiical conductivity of saturated extract was measured by electrical 
lesistance bridge 
(d) Exchangeable cations of sodium and potassium were estimated in the 
neuttal ammonium acetate extiact and calcium and magnesium cations in 
the baiium chloride triethanolamine extract of the soils 
(e) Organic caibon was estimated by Walkley and Black method 
(f) Cation exchange capacity was worked out by satuiatmg the soil with Na 
ions at pH 8 2 and replacing it with NH4" ions Exchangeable Na was 
estimated by flame photometry 
5. Preparation of Solutions: Mancozeb, NaDDC propmeb, zineb and 
ziram (0 1%) were dissolved in aqueous NaOH (0 1 M) rotdssium 
14 
hydroxide (2 N) was dissolved in Methanol. Solution of iodine (1 N), lead 
acetate (10%), sulphuric acid (0.1 N), acetic acid (30%) and NaDDC (0.1 
M) were prepared in distilled water (DW). 
6. Preparation of Plates: The following slurries were apphed on the glass 
plates with the help of the applicator so that the thickness of the coating 
would be 0.25 cm. 
(a) Silica gel G (40 g) in DW (70 mL) 
(b) Cellulose microcrystalline (20 g) in DW (75 mL) 
(c) Soil (20 g) in DW (20 mL) 
(d) Charcoal: Soil admixture:: 1:1000 w/w (20 g) in DW (20 mL) 
(e) Charcoal : Soil admixture::0.75:1000 w/w (20 g) in DW (20 mL) 
(0 Charcoal : Soil admixture::0.50:1000 w/w (20 g) in DW (20 mL) 
(g) Charcoal: Soil admixture::0.25:1000 w/w (20 g) in DW (20 mL) 
(h) Charcoal: Soil admixture: :0.125:1000 w/w (20 g) inDW(20mL) 
The plates were air dried at room temperature (28±2 °C) and then 
activated by heating at 110 ± 5 °C for Ih in an electrically controlled 
electric oven followed by cooling at room temperature and stored in a 
closed chamber until used. 
7. Spotting of Test Solution: Test solution was spotted on the plates at a 
distance of 3 cm from the lower edge of the plate with the help of a 
micropipette. 
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8. Development of Chromatogram: The spotted chromatoplate was 
placed in the oven at 110±5 °C for 2 min to remove the solvent and then the 
plate was developed in the mobile phase by keeping the solvent ascent as 
10 cm from the point of sample application. Aqueous solution of acetic 
acid, acetate buffer, ammonia buffer, cet>l trimethylammonium bromide 
(C-TAB) copper sulphate, sodium chloride and sodium lauryl sulphate, 
distilled water, tube well water and organic solvents such as benzene, 
carbon tetrachloride, chlorobenzene, chloroform, DMSO. methanol, 
nitrobenzene, and propanol were used as mobile phases. 
9. Visualization of Spot: After development the plates were dried and the 
spots on the plates were visualized by iodine vapours in a glass jar. The 
chromogenic visualization reagents such as copper sulphate , plumbite . 
sil\er nitrate and iodine were tried. Iodine is found to be a simple, rapid, 
inexpensive, sensitive, nondestiucti\ e and reversible which stains 
dithiocarbamate on a chromatogram more readily than the background. 
10. Measurement of Rp Values: For tailing spots, the front limit (RI) and 
the rear limit (RT) were measured while for compact spots Rp values were 
calculated by using the following relation: 
Ri = Distance traveled by analyte (cm) 
Distance traveled by mobile phase (10 cm) 
The results are recorded in Tables 4.2 - 4.6. 
i l 6 
11. Volumetric Determination of Dithiocarbamate: It is known that 
dithiocarbamates produce carbon disulphide on heating in presence of 
inineral acids. The carbon disulphide so produced was determined by using 
20 
the Caldas's apparatus which is described in the following lines: 
In this system two traps in series, tiap 1 contain 20 mL of 10% 
lead acetate solution and trap 2 contains 25 mL of 2 M methanolic KOH 
solution. Trap 1 is connected to a condenser and to the trap containing 
methanolic KOH solution. The purpose of lead acetate solution is to purify 
the CS2 by removing of HjS and SO2 The potassium methylxanthogenate 
formed in trap 2 was titrated with iodine solution using starch solution as 
an indicator. The reaction may be given as the following: 
R 
R 
N —C - S Zn + H2SO4 ..-. 
2 
A 
R 
2 NH i - 2CS2 + ZnS04 
R 
CS- ^ KOH + CH,OH 
OCH. 
/ 
2 S = C +H2O + I2 
^"^ SK 
/ OCH, 
—• S = C + H2O 
\ ^ SK 
Potassium methvlxanthoizenate 
-• 2 CH.OH + 2 KI + 2 CS; 
12. Quantitative Determination of Fungicide: A Known volume of 
fungicide solution was applied to the plate coated with an admixture of 
charcoal-soil. The solvent of the spot was removed, the plate was 
17 
de\ eloped, and spot was visualized and demarcated on the plate The 
demarcated spot was scratched with a spatula and the weight of the 
sciatched coating was measured The results were calculated from the 
Following relation 
Weight of admixture of one spot = 001532 g 
8 008 g of charcoal sod admixture contain = 0 008 g charcoal 
0 01532 g of charcoal soil admixture contain = (0.008x0 01532)/8 008 
= 1 5x 10"^  g charcoal 
The results are recorded m Tables 4 7, 4 8 and 4 12 
13. Adsorption by Batch Process: The solution of NaDDC (10 mL of 0 1 
M) was taken in a conical flask, 0 5 g charcoal/soil''charcoal-soil admixture 
and 40 mL of DW were added into it The mixture was shaken by 
ultiasonic \ibrator for 5 min at room temperature (28±2 "C) The reaction 
niixtuie was filtered and NaDDC was determined m the filterate as well c.s 
in the solid adsorbent by Caldas's apparatus "".The results are recorded m 
Tables 4 9. 4 10 and 4 11 
C. RESULTS -AND DISCtSSION 
L Mobility in Aqueous Solutions: Table 4 2 shows that all the pesticides 
ha\e high R| values (0 72 - 0 80) on silica gel G and cellulose in mobile 
phases such as distilled water, deep well water and sodium chloride 
solution Similar results have been obtained when acetic acid, acetate 
buffer and copper sulphate solutions were used The Rj- values are highly 
leproducible m neutral and basic solutions especially on silica gel G than 
18 
that on cellulose. The iodine detection fails to visualize the spots in sodium 
hydroxide solution. 
2. Mobility in Organic Solvent: Table 4.3 shows that RF values are zero 
on silica gel G and cellulose in organic solvents. It is also clear that the test 
solutions gave double spots on silica geJ G and they remained as a single 
spot on cellulose. The double spots may be due to the decomposition of 
fungicides on silica gel G. It is also due to the loading of high 
concentration of pesticides on the thin layer plate. 
3. Mobility on AMU Fort Soil: Table 4.4 shows that mancozeb, propineb 
and zineb have high mobility on plates coated with AMU Fort soil in water 
and aqueous solutions. However NaDDC and ziram have zero mobility 
under above cited conditions. The mobility is zero in organic solvents such 
as carbon tetrachloride, benzene, chloroform, n-butyl acetate. 
chlorobenzene and nitrobenzene. However, the mobility is high in 
methanol and double spots were obtained in propanol. Similar results were 
also obtained on other soil samples (Tables 4.5 and 4.6) collected from 
agiicultural fields situated in Sikandra Rao and Jattari of Aligarh district. 
4. Mobility on Soil Containing Charcoal: Results recorded in Table 
4 7 and Figure 4.1 show that mobility of fungicides is zero when charcoal 
concentration in soil is 750 - 1000 ppm in distilled water as well as in deep 
well water. It is also clear that the mobility of the fungicides increases with 
decreasing concentration of charcoal in soil from 500 - 125 ppm. However, 
! i 9 
the mobility of ziram remains zero in soil samples containing 125 - 1000 
ppm of charcoal. Table 4.8 and Figure 4.2 shows that the mobility is zero at 
lower concentration of fungicides (0.06 - 0.12 mg/spot) and the mobility 
increases with increasing concentration of fungicides (> 0.18 mg/spot). 
Table 4.9 shows a very high adsorption of NaDDC on charcoal. The 
recoxeiy of NaDDC from charcoal is also appreciable (> 75%). Therefore 
(he charcoal can be used for the pre-concentration of NaDDC present in 
water for analytical purposes. Table 4.10 shows that both the samples of 
soil adsorb about 30% of the NaDDC applied. The recovery is 74 - 97%. 
The high percentage of recovery shows that the weak bonding of NaDDC 
with soil. Table 4.11 shows that the percent adsorption on charcoal - soil 
admixture is high than that on soil alone. However, the percent recovery is 
comparable. The data recorded in Table 4.11 also show that the retention 
capacity is 163 x 10" g NaDDC per g of admixture (charcoal - soil.: 1: 
1000) or 148 X 10'^ ' g NaDDC per g of charcoal. It is also clear that 
adsorption of fungicide is 0.06 mg per spot (0.50 cm") of the admixture 
(15 32 mg) which contains 1.5 x 10" mg of charcoal per spot (0.50 cm "). It 
carries out to be 2.75 pounds of activated charcoal per acre if the thickness 
of soil surface is 0.25 cm (0.125cm'). Practically, the thickness of soil 
surface is taken as 15 cm so the required amount of acti\'ated charcoal will 
be 165 pounds. This resuh is comparable to that reported by Mc Cart>' (200 
9 
pounds) . Hence it is clear that the charcoal can be mixed in soil at ppm 
level to deactixate the tungicide. Table 4.12 shows that the adsorption 
capacity of activated charcoal for alkalme NaDDC is 160 mg'g at the 
concentration (1 mg/mL) by TLC method and 329 mg'g for aqueous 
120 
NaDDC at the concentration (4.5 mg/mL) by batch process. Hence, it is 
clear that the adsorption capacity is dependent of concentration of 
adsorbate. The adsorption capacity of activated charcoal is 106, 80, 114 
and 106 mg/g for mancozeb, ziram, propineb and zineb respectively by 
I LC. These values are higher than those reported for acephate (0.05 mg/g). 
2,4-D (0.70 mg/g) and atrazine (0.80 mg/g). It may be due to the fact that 
the concentration of acephate, 2,4-D and atrazine is 250 times less than 
that of mancozeb, ziram, propineb and zineb i.e. by muhiplying the 
concentration factor (250) the adsorption capacity of charcoal becomes 
12,5. 175 and 200 mg/g for acephate, 2.4-D and atrazine respectively. 
riiese \alues are comparable to those obtained by TLC method in this 
study The adsorption capacity of charcoal:soil (1:1000) admixtures is 0.11. 
0,08, Oi l and 0.11 mg/g for mancozeb, ziram, propineb and zineb 
respectively at the concentration (1 mg/mL) by TLC. These values are 
comparable to the reported adsorption capacity of soil for a-endosulfan 
(0.10-0.45 mg/g) and p-endosulfan (0.09-0.27 mg/g). 
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CKJL'PPE^-V 
A. INTRODUCTION 
Dithiocarbamate fungicides 5uch as raancozeb, propineb and zineb are 
used worldwide on a range of crops, mainly due to their high efficiency in 
controlling plant fungal diseases and relatively low mammalian toxicity. 
They are available in the form of wettable powder, dust, and formulations. 
They are stable under normal dry storage conditions, slowly decomposed 
b> heat and moisture and unstable in acidic medium. Due to their action on 
skm, eyes, respiratory tract and mucous membrane, its exposure to small 
quantities shall be avoided. 
In order to fulfill the primary purpose of fungicidal effect and 
to minimize any adverse effect, it is essential to develop proper testing 
procedures for dithiocarbamate fungicides. The predominant methods 
a\ailable for determining dithiocarbamate fungicides are based on their 
decomposition to CS2 m an acid medium, followed by spectrometry " and 
head space gas chromatography' . These methods are sensitive and 
accurate but are time-consuming, costly, sophisticated and non-specific. 
Therefore, in continuation to our previous research work on 
de\elopment of simple and low cost methods for the determination of 
pesticide acti\e ingredients in formulations, now one more safe, non-toxic. 
simple and selective volumetric method has been developed. The results 
obtained are described in this chapter. 
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B. EXPERIMENTAL 
1. Apparatus: Conical flask, burette, pipette, magnetic stirrer with automatic 
temperature controlled hot plate (EXPO DI QC/M/107, India) and 
whatman ® No. 1 filter paper were used. 
2. Chemicals and Reagents: Mancozeb (75% WP) (Modem Insecticides 
Ltd , India); propineb (70% WP) (Bayer Chemicals Company, India), 
potassium chloride, potassium chromate and sodium diethyl 
ditliiocarbamate (97%) (CDH, India): potassium iodide and silver nitrate 
(Merck, India) and zineb (75% WP) (Indofil Chemicals Company. India) 
were used. All other chemicals and reagents were of AR or LR grade. 
«. Preparation of Solutions: Solutions of potassium chloride (IN). 
potassium chromate (IN), silver nitrate (0.IN, IN) and sodium thiosulphate 
(0 IN) were prepared in distilled water (DW). Solution of propineb (0.1%) 
was prepared in aqueous NaOH (O.IM). The aqueous homogeneous 
suspensions of mancozeb, propineb. sodium diethyl dithiocarbamate and 
zineb (0 OIN) were prepared by magnetic stirring of fine powdered solid 
dust fonnulations in DW for 30 min. Similarly aqueous homogeneous 
suspension (1%) was prepared by wet grinding of bleaching powder and 
then mixing with DW. 
4. Procedure: 
(a) Mohr's volumetric method: The suspension of the fungicide 
(10 niL of 0 01 N) was taken in a conical flask. Silver nitrate solution 
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(I niL of 1\) was added into it drop wise with continuous shaking The 
I eviction nnxtuie was shaken for 30 mm at 60 *C The precipitate so 
pi educed was allowed to settle down at room temperature (34±2 C), 
filteied and washed with 10 mL of DW Potassium chloride solution 
(2 niL of IN) \sas added into the colourless filtiate. the total volume was 
indde up to 65 mL with DW and after thorough mixing it was titrated with 
\ioln "s leagent using potassium chromate as an mdicatoi A blank contains 
all the abo\e mentioned chemicals except suspension of the fungicide was 
also titiated similarly 
(i) The concentiation of the dithiocarbamate fungicide can be obtained either 
by the calibiation cuive (Figure 5 1) or by using the following expression 
% of fungicide (w/w) = (V x N x 165x100)/g of the sample 
Wheie \'=\VV2, Vi= mL of AgNO^ consumed by blank. V2= mL of 
KgNO, consumed by leaction mixture, N = normality of AgNO-, 
(ii) Effect of time of shaking The leaction mixture was shaken for diflferent 
pel lod of time at 60 C The results are recorded in Table 5 2 
(ill) Effect of temperature: The reaction mixture was shaken at different 
tenipeiatuie foi 30 min The lesults are recorded in Table 5 3 
P (b) Bunsen and Wagner's method ^: The alkaline solution of propmeb (5 mL 
of 0 l°/o) was taken m a conical flask, 50 mL of 1% fieshly prepared 
suspension of bleaching powder and 10 mL of glacial acetic acid were 
added into it The leaction mixtuie was shaken foi 30 mm at room 
temperature (34±2 ''C), solid potassium iodide (250 mg) was added into it 
and then the leaction mixture was titrated with 0 IN sodium thiosulphate 
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solution usmg starch as indicator. A blank contains all the above mentioned 
cheniicali> except suspension of propineb was also titrated similarly 
(i) Effect of time of shaking : The above reaction mixture was shaken for 15 
mm. 30 mm and 45 min at room temperature ((34±2 C) and it was titrated 
w itli sodium thiosulphate solution. The results are recorded in Table 5 4 
(c) Analytical parameters were calculated using the follov\ing expression 
S = / I ( x - x ) -
n - 1 
S 
c y = X 100 
I ( x - x ) 
ci -
Where. S = standard dev i^ation, x = value measured, x = arithmetic mean 
of \alue measured, n = total number of \alue measured, C V = coefficient 
of \ ai lation and d = a\erage de\ lation. The results of Mohr's volumetric 
method are ";iven m Table 5 5 
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C. RESULTS AND DISCUSSION 
In third world countries, the costly, ultra sensitive and selective 
instiumental methods of pesticide analysis are either not available or non-
functional probably due to lack of repair facilities However the 
disciiminate and unsafe use of pesticides is at large m these countries in 
01 del to enhance the food production to feed the growing population Thus 
the people in developing countries suffer and die because of pesticides On 
tiie othei hand the formulations of pesticides which aie axailable m the 
inaiket ma> be substandaid due to loss of then actne ingredient during 
stoiage iindei unfavorable conditions or adulteiation Theiefore. there is a 
glowing interest in simple, safe and rapid non-instrumental analytical 
methods foi use in pesticide analysis 
The liteiature sun'cys shows that the following simple methods ha\e 
been lepoited which can be perfonued on field and in small laboratories of 
luinimum budget However, the sensitivity of these methods is pooi and 
the> are non-specific A few such methods are summarized in the following 
hnes 
Rathoie et al have developed ' a simple, inexpensive, sensitive and 
safe ledox method foi the determination of malathion in emulsifiable 
concentrates The method is based on the reaction of the analyte with 
potassium permanganate in presence of sodium hydroxide In this method 
the leaction mixture was allowed to stand for 24 h at room temperature 
(28 2 C) io uumpleie the ledox reaction Sulphuric acid was added into 
the ledction mixture and then it was titiated with sodium thiosulphate 
solution using staich as an indicator The standard de\iation and coefficient 
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of \anation were found to be 0.02-0.13 and 0.79-10.11% respectively. The 
results are with in the error of -5 to +19%. It is clear that it is a non-
selective and time consuming method with high percentage of error. 
13 
Shukla et al. have developed a volumetric method for the 
determination of some organophosphate insecticides e.g. malathion. 
dimethoate. ethion and phorate in their formulations. The analyte was 
allowed to react with a calculated excess of O.IN chloramine-T reagent in 
the presence of glacial acetic acid for 10-15 min at room temperature. 
When the reaction was completed, potassium iodide solution (10%) was 
added and the un-reacted reagent was back titrated with IN solution of 
sodium thiosulphate to starch end-point. The standard deviation and 
coefficient of variation were found to be 0.0001-0.0018 and 0.017-0.1009 
"orespectixely. It is known that chloramine-T reacts w'ith water to 
liberate hypochlorous acid. It polymerizes with moisture to produce a solid 
cakp which is insoluble in water. Therefore this method gi\es erroneous 
and non-reproducible results. 
9 
H.S. Rathore and S. Mittal have developed a simple. inexpensi\e 
and rapid complexometric titration for the determination of mancozeb. The 
procedure is based on the fact that mancozeb dissohes fat ppm level) in 
ammonia buffer of pH 10 in presence of versenate solution. The 
quantification was made on the basis of versenate consumed in the process 
o( dissolution. The end point was detected by using visual indicator 
Eriochrome B!ack-T which gives v/ine red colour with zinc (11) and 
manganese (11) and changes to sky blue at the end point on titrating with 
144 
\ei senate solution at pH 10 The results are with m the error of - 4 to -28 
% This method also has high percentage of error 
The lesults of Bunsen and Wagner's method in Table 5 4 are 
enoneous as well as not reproducible So it may not be useful foi the 
deteiniination of dithiocarbamate pesticides 
The detads of reaction pioducts of silvei nitiate with different 
pesticides are summarized in Table 5 1 Table 5 1 shows that 
oiganophosphoious pesticides such as formithion, methyl parathion and 
chIoip>nphos, organochlorine pesticides such as DDT and endosulfan and 
caibamate pesticides such as baygon and carbaryl do not pioduce any 
piecipitate with silver nitrate Howexer, dithiocarbamate such as 
nidiicozeb, piopineb, zmeb, sodium diethyldithiocarbamate and denvatnes 
ol carboxyhc acid pesticides such as 2,4-D and 2.4.5-T react with siKei 
nitiate to gn e different types of (colour and size) precipitate The literature 
suive> shows that silver has great affinity for sulphui and when heated 
with sulphui powder, it forms black silver sulphide (Ag2S) which is least 
soluble in water of all siher compounds Silver also reacts with sulphur 
containing compound such as mustard and onion to pioduce sihei 
sulphide 
it has been reported that ' on mixing aqueous solutions of siUer 
nitiate and sodium diethyldithiocarbamate at 15 "C a yellow piecipitate of 
siher diethyldithiocarbamate is obtained The dry salt is pure yellow m 
coloui and should show no change in character after 1 month when stored 
in a light resistant container It melts at 173 *'C It is soluble in pyridine 
14^ 
(0.5%) and this solution can be used for 1 month if it is stored in a light 
resistant container. 
On the basis of above cited facts the efforts are made to use this 
reaction for quantification of dithiocarbamate fungicides. Hence these 
compounds may be determined by Mohr's volumetric method. Figure 5.2 
shows that silver nitrate reacts with mancozeb to produce a dark brown 
precipitate at room temperature (34 ±2 C) which changes to black 
precipitate on heating or placing for few hours at room temperature. A 
tentative reaction mechanism is proposed: 
CH2—NH — C — S -
C H 2 — N H — C — S -
Zn. Mn + 2AgN03- C H 2 — N H — C — S -
C H 2 — N H — C — S - Ag2 (i) 
Mancozeb Brown ppt 
I 
I + 2 Ag' + H2O + 3/2 O2 AT 2 AgsS + NH2CH2CH2NH2 + 2 CO2 (ii) 
Black ppt 
Data given in Figure 5.2 and Table 5.3 show that the 
consumption of silver nitrate is about double for black precipitate than that 
for brown precipitate i.e., 4 niL and 7.3 mL of 0.1 N silver nitrate solution 
to give brown and black precipitate respectively. Thus the results of Figure 
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5 2 and Table 5 3 are in line with the proposed mechanism (equation i and 
n) The lesults obtained after 30 mm shaking are more reproducible than 
those of 10 mm shaking The results given m Tables 5 2. 5 3 and 5 5 shows 
that the method understudy is a simple method which can be performed by 
semi-skilled technician m the laboratory with minimum facilities and 
budget It can be apphed duectly on formulation without any sample 
piepaiation using distilled water The sensitivity as well as selectivity of 
tiie method is limited Howevei, it is more sensitive and selective than 
ledox methods using potassium permanganate and bleaching powder The 
method undeistudy is simple and rapid than the complexometric method 
and chloiamine method 
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A new spot test has been developed for the detection of dithiocarbamate fungicides such as mancozeb, propineb and 
zineb at nkg level in soil and water. The colour formation is based on the decomposition of dithiocarbamate to carbon 
disulphide which reacts with plumbite i ' alkaline medium to form a brown complex that finally converts to black lead 
sulphide. The coloured product exists as a bright brown-black colloidal solution in formaldehyde or glycerin or hy-
droxylamine hydrochloride. 
Dithiocarbamates such as mancozeb, propineb and zineb 
are being used as agricultural fungicides in grape, cauli-
flower, potato, chilliy, apple, groundnut, paddy etc^ The 
pesticide residue concentration is increasing day by day 
in the environment due to their repeated use for the long 
period. The pesticide residue analysis involves five steps 
such as qualitative detection, preconcentration or extrac-
tion, separation or clean up, estimation and then identifi-
cation. Spot test analysis has been found to be extremely 
simple, inexpensive and useful for the preliminary char-
acterization/detection of the pesticide residue in an envi-
ronmental matrix. 
Therefore, in continuation to our previous work^ it 
was thought worthwhile to develop a new spot test by 
studying exhaustively a brown colour reaction of dithio-
carbamates with plumbite in presence of formaldehyde. 
This spot test was firstly reported by Feigl and Weisselberg 
in 1931 and secondly, by Rosen Thaler in 1933 for the 
detection of carbon disulphide^. It is based on the decora-
position of dithiocarbamates into carbon disulphide which 
produces brown-black colour with plumbite in presence 
of formaldehyde. Now efforts have been made to utilize 
this reaction for the detection of dithiocarbamate fungi-
cides in water and soil. The results obtained are described 
in this paper. 
Experimental 
Apparatus : 
Aluminium heating block, U-tube, micro-test tube, 
Whatman® No. 1 filter paper were used. 
Chemicals and reagents : 
Mancozeb (75% WP) (Modern Insecticides Ltd., 
India); propineb (70% WP) (Bayer India (P) Ltd., India); 
sodium diethyl dithiocarbamate (97%) (CDH (P.) Ltd., 
India); zineb (75% WP) (Indofil Chemicals Company, 
India); lead monoxide (Qualigens Fine Chemicals, 
India); formaldehyde solution (37-41 % w/v) in water were 
used. All other reagents and chemicals used were of ana-
lytical grade. 
Preparation of solutions : 
Plumbite reagent (Pbt) was prepared by dissolving 
lead monoxide (1 g) in 32% aqueous sodium hydroxide 
solution. The homogeneous suspensions of 0.75% 
mancozeb, 0.70% propineb and 0.75% zineb were pre-
pared in distilled water (DW). Solutions of 1% sodium 
diethyldithiocarbamate (NaDDC), 40% sucrose, 10% 
ascorbic acid, 40% glucose, 2% starch, 40% hydroxyl-
amine hydrochloride, 5% potassium permanganate and 
10 M sulphuric acid were also prepared in DW. 
Preparation of indicator paper : 
The paper strip of Whatman® No.l filter paper (1 X 
4 cm) was dipped in a watch glass containing the reagent, 
the excess reagent was drained (draw) off and then the 
semi-dried paper was used for detection. Always freshly 
prepared indicator paper was used. 
Collection of soil samples : 
Loam soil from Jattari village in tehsil Khair, clay 
loam from tehsil Sikandra-Rao and from the barren fields 
around Aligarh Muslim University (A.M.U,), silty clay 
loam from tehsil Atrauli from the fields in the 
neighbourhood of sankra bus-stand about 3 km from the 
river bank, agricultural farm soil from A.M.U., were 
collected from district Aligarh (U.P.). Red soil was col-
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lected from Bhubaneswar (Orissa). The sampling was done 
during the month of April. To obtain a composite sample, 
small portions of soil were collected from the desired 
depth (0-15 cm or more) with Khurpi from 10-15 well 
distributed spots (from each sampling Unit i.e. a plot) 
after scrapping off the surface litter. A V-shaped cut (up 
to the plough layer) was made and a uniformly 1.5 cm 
(approx) thick slice was taken out. The soil collected in 
this manner was thoroughly mixed on a polythene sheet 
or concrete floor and bulk reduced by quartering and 
about 500 g of the composite sample was retained. The 
soil was quickly air dried in shade at room temperature 
and put in polythene bag with suitable description and 
identification marks by tagging. 
Detection procedure : 
Detection in solution : 
Analyte (0.1 ml of 1%) was taken in a micro-test 
mbe, 3-4 drops of the reagent were added to it and after 
thorough mixing the colour developed at room tempera-
ture (25 ±3" ) and at elevated temperamre (55 + 5°) 
was noted. In second attempt, the analyte was treated 
with one drop of dilute sulphuric acid (10 Af), the reagent 
was added and the colour developed was noted. In third 
attempt, the mixture of the analyte and the sulphuric acid 
was briefly heated, then the reagent was added and the 
colour developed was recorded. 
The lower limit of detection (LOD) was measured by 
using the known volume (0.1 ml) of the standard analyte 
solutions of different concentrations in the later 
procedured. 
Vapour phase detection : 
Indicator paper detection : 
The analyte solution (0.1 ml of 1%) was taken in a 
micro-test tube. The moisture contents were removed by 
heating at 50-70°. The contents were cooled to room 
temperature and a drop of cone. H2SO4 was added to it. 
The indicator paper was hung in the test tube. The con-
tents were heated at 25-150". If indicator paper mrns 
brown-black the dithiocarbamate is present. 
The LOD was measured by taking the known volume 
(0.1 ml) of the standard solutions of the analyte of differ-
ent concentrations. 
U-tube detection : 
The analyte solution (0.1 ml of 1%) was taken in a 
test tube A (9.8 x 1.2 cm i.d.) jointed with a side U-
tube^ (16.9 X 0.3c, i.d.). The moisture was removed by 
heating, the contents were cooled to room temperature, 
one drop of 10 M H2SO4 was added to it and the reagent 
(0.1 ml) was taken in the side U-tube. The tube A was 
stoppered and heated at 60-150° to bubble the fumes 
(CS2) through U-mbe containing the reagent. The change 
in colour of the reagent was noted after one minute. 
The LOD was measured by taking the known volume 
(0.1 ml) of the standard solutions of the analyte of differ-
ent concentrations. 
Detection in soil : 
A soil sample (10 mg) was taken in a micro-test tube, 
dithiocarbamate solution (0.1 ml of 1%) was added to it 
and the above procedures were used to detect the dithio-
carbamate. 
A soil sample (2 g) was taken in a watch glass, it was 
treated with dithiocarbamate solution (2 ml of 1 %) and 
the sample was dried at room temperature. A portion of 
the treated soil was tested for dithiocarbamate using the 
above procedures. This study was conducted for 10-15 
days and the dithiocarbamate residue was found to be 
present. The LOD in soils was measured by adding known 
volume of standard solutions of dithiocarbamate under 
study in the known weight of soil sample. 
Results and discussion 
The following results were obtained when the colour 
reaction of dithiocarbamates was studied with several re-
agents under different conditions : 
(A) The analyte was treated directly with plumbite, 
(B) the analyte was treated with 10 M H2SO4 and then 
plumbite was added to it, and (C) the analyte was treated 
with 10 M H2SO4, briefly heated and then plumbite was 
added to it. The detection was also performed by using 
the following admixtures as the reagent under aforesaid 
conditions : (la) formaldehyde alone, (lb) formaldehyde 
first and then plumbite, (Ic) plumbite first and then form-
aldehyde, (Id) plumbite-formaldehyde (2 : 1), (le) form-
aldehyde-plumbite (3 : 1), (If) plumbite-formaldehyde 
(3:1), (2a) sucrose alone, (2b) sucrose first and then 
plumbite, (2c) plumbite first and then sucrose, (2d) 
plumbite-sucrose (2 : 1) , (2e) sucrose-plumbite (3 : 1), 
(2f) plumbite-sucrose (3 : 1), (3a) glucose alone, (3b) 
glucose first and then plumbite, (3c) plumbite first and 
then glucose, (3d) plumbite-glucose (2 : 1), (3e) glucose-
plumbite (3 : 1), (3f) plumbite-glucose (3:1), (4a) starch 
alone, (4b) starch first and then plumbite, (4c) plumbite 
first and then starch, (4d) plumbite-starch 
(2 :1 ) , (4e) starch-plumbite (3 :1 ) , (4f) plumbite-starch 
(3 : 1), (5a) ascorbic acid alone, (5b) ascorbic acid first 
and then plumbite, (5c) plumbite first and then ascorbic 
acid, (5d) plumbite-ascorbic acid (2 : 1), (5e) ascorbic 
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acid-plumbite (3 : 1), (5f) plurabite-ascorbic acid 
(3 : 1), (6a) dimethylamine alone, (6b) dimethylamine 
first and then plumbite, (6c) pluinbite first and then 
dimethylamine, (6d) plumbite-dimettiylamine (2 : 1), (6e) 
dimethylamine-plumbite (3 : I), (6f) plumbite-
dimethylamine (3 : 1), (7a) silica gel alone, (7b) silica gel 
first and then plumbite, (7c) plumbite first and then silica 
gel, (7d) plumbite-silica gel (2 ; 1), (7e) silica gel-plumbite 
(3 : 1), (7f) plumbite-silica gel (3 : 1), (8a) glycerin alone, 
(8b) glycerin first and then plumbile, (8c) plumbite first 
and then glycerin, (8d) plumbite- .^lycerin (2 : 1), (8e) 
glycerin-plumbite (3 : 1) (8f) plunibite-glycerin (3 : 1), 
(9a) soap alone, (9b) soap first anl then plumbite, (9c) 
plumbite first and then soap, (9d) plumbite-soap (2 : 1), 
(9e) soap-plumbite (3 : 1), (9f) piumbite-soap (3 : 1), 
(10a) gum alone, (10b) gum first and then plumbite, (10c) 
plumbite first and then gum, (lOd) plumbite-gum (2 : 1), 
(lOe) gum-plumbite (3 : 1), (lOf) ]3lumbite-gum (3 : 1), 
(11a) paraffin oil alone, (lib) paraffin oil first and then 
plumbite, (lie) plumbite first and then paraffin oil, (lid) 
plumbite-paraffin oil (2 : 1), (lie) paraffin oil-plumbite 
(3 : 1), (Uf) plumbite-paraffin oil (3 : 1), (12a) fevicol 
alone, (12b) fevicol first and then plumbite, (12c) plumbite 
first and then fevicol, (12d) plumbile-fevicol (2 : 1), (12e) 
fevicol-plumbite (3 : 1), (12f) pliimbite-fevicol (3 : 1), 
(13a) hydroxylamine hydrochloride alone, (13b) hydroxy-
lamine hydrochloride first and then plumbite, (13c) 
plumbite first and then hydroxylamine hydrochloride, 
(13d) plumbite-hydroxylamine hydiochloride (2 : 1), (13e) 
hydroxylamine hydrochloride-phimbite (3 : 1), (131) 
plumbite-hydroxylamine hydrochloride (3 : 1), (14a) alu-
minium oxide acidic alone, (14b) aluminium oxide acidic 
first and then plumbite, (14c) plumbite first and then alu-
minium oxide acidic, (14d) plumbite-aluminium oxide 
acidic (2 : 1), (14e) aluminium oxide acidic-plumbite 
(3 : 1), (14f) plumbite-aluminium oxide acidic (3 : 1), 
(15a) aluminium oxide basic alon(j, (15b) aluminium ox-
ide basic first and then plumbite, (15c) plumbite first and 
then aluminium oxide basic, (15d) plumbite-aluminium 
oxide basic (2 : 1), (15e) aluminium oxide basic-plumbite 
(3 : 1), (15f) plumbite-aluminium oxide basic (3 : 1), 
(16a) potassium permanganate alone, (16b) potassium per-
manganate first and then plumbite, (16c) plumbite first 
and then potassium permanganate, (16d) plumbite-potas-
sium permanganate (2 : 1), (16e) potassium permangan-
ate-plumbite (3 : 1), (16f) plumbite-potassium permanga-
nate (3 : 1). 
An attempt was also made to detect the dithiocarbam-
ates by using different technologies and reagents. The 
colour and (LOD) (nkg) of NaDDC, mancozeb, propineb 
and zineb are obtained by solution state test, vapour phase 
- (u) tube test, vapour phase indicator paper test are given 
at first, second and third places in first parenthesis using 
plumbite-formaldehyde, second parenthesis using 
plumbite-giycerin and third parenthesis using plumbite-
hydroxylamine hydrochloride respectively : NaDDC (Br 
100, Br 100, Br 100), (Br 100, Br 100, Br 100), (Br 100, 
Br 100, Br 100); mancozeb (LBr 7.5, VLBr 75, Br 75), 
(VLBr 7.5, LBr 75, Br 75), (VLBr 7.5, Br 75, LBr 75); 
propineb (VLBr 7.0, Br 70, Br 70), (LBr 7.0, Br 70, Br 
70), (LBr 7.0, Br 70, Br 70) and zineb (LBr 7.5, Br 75, 
Br 75), (Br 7.5, Br 75, Br 75), (LBr 7.5, LBr 75, Br 75). 
Abbreviations are defined as Bl = black, Br = brown, D 
= dark. Or = green, L = light, Nc = no colour, R = 
Red, V = very, Y = yellow. 
The following results were obtained when dithiocar-
bamate detected in A.M.U. farm soil using different tech-
niques and reagents. The colour and (LOD) (nkg) ob-
tained by solution state test, vapour phase - (u) mbe test, 
vapour phase indicator paper test are given at first, sec-
ond and third places in the parenthesis i.e. Sodium 
diethyldithiocarbamate (DBr-LDBr 100, Br-VLBr 100, 
Br-VLBr 100), (Nc, LBr 1000, Br-VLBr 100), (DBr 1000, 
Nc, Nc), (DBr 1000, LBr 1000, Br 1000), (DBr 1000, 
RBr 1000, Br 1000), (DBr 1000, Nc, Nc), (Nc, Nc, Nc), 
(DBr-LDBr 100, LBr 100, Br 100), (DBr 1000, Nc, Nc), 
(DBr 1000, Nc, Nc), (DBr 1000, Nc, Nc), (Nc, VLBr 
1000, VLBr 1000), (DBr 1000, DBr-Br 100, DBr-LDBr 
100), (DBr 1000, LBl 1000, Br 1000), (DBr 1000, LBl 
1000, Br 1000), (GrBr 1000, Nc, Nc), with plumbite-
formaldehyde, plumbite-sucrose, plumbite-glucose, plum-
bite-starch, plumbite-ascorbic acid, plumbite-
dimethylamine, plumbite-silica gel, plumbite-giycerin, 
plumbite-soap, plumbite-gum, plumbite-fevicol, plumbite-
paraffin, plumbite-hydroxylamine hydrochloride, 
plumbite-aluminium oxide acidic, plumbite-aluminium 
oxide basic, plumbite-potassium permanganate respec-
tively. Mancozeb (Bl-LBl 75, DBr-LBl 75, DBr-Br 75), 
(DBr-LBl 75, DBr-VLBr 75, DBr-VLBr 75), (DBr 750, 
Nc, Nc), (DBr-LDBr 75, DBr 750, Br 750), (LBl 75, Br 
750, DBr 750), (DBr 75, LBr 750, DBr 750), (DBr 75, 
LBl 750, Bl 750), (DBr 75, LBl 75, Br 75), (DBr 75, Nc, 
Nc), (LDBr 75, Nc, Nc), (LDBr 75, Nc, Nc), (DBr 75, 
LBl 750, LBr 750), (DBr 75, LBl 75, LBl 75), (DBr 75, 
LBr 75, LBr 75), (DBr 75, Br 75, LBr 75), (VDBr 750, 
Nc, Nc) with above reagents. Zineb (DBr-LDBr 75, Bl-
LBr 75, Bl-LBr 75), (DBr 75, LDBr 75, LDBr 75), (DBr-
LDBr75, DBr-Br 75, Bl-Br 75), with plumbite-formalde-
hyde, plumbite-giycerin, plumbite-hydroxylamine hydro-
chloride respectively and Propineb (DBr-LDBr 70, Bl-
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LBr 70, DBr-Br 70), (LDBr 70, DBr-Br 70, Bl-LDBr 
70), (LDBr 70, DBr-Br 70, Bl-LDBr 70) with above re-
agents. 
The results of detection of zineb and propineb in dif-
ferent types of soils are summarised as below. The colour 
and (LOD) (nkg) obtained by solution state spot test, (u) 
tube and indicator paper spot test of vapour phase are 
given at first, second and third places in the parenthesis 
i.e. Zineb (VDBr-LBl 75, DBr-LBl 75, DBr-Br 75), 
(VDBr-Br 7.5, DBr-LBl 75, DBr-LDBr 75), (VDBr-LBl 
75, DBr-LBl 75, DBr-Br 75) in loam; (DBr-Br 7.5, DBr-
Br 75, DBr-Br 75), (VDBr-Br 7.5, DBr-Br 75, DBr-LDBr 
75), (DBr-Br 7.5, DBr-Br 75, DBr-Br 75) in siU clay 
loam; (DBr-LBl 75, DBr-Br 75, DBr-Br 75), (VDBr-Br 
7.5, DBr-LBl 75, DBr-LDBr 75), (DBr-LBl 75, DBr-Br 
75, DBr-LDBr 75) in clay loam (A.M.U.); (VDBr-LBl 
75, DBr-LBl 75, DBr-LBr 75), (VDBr-LBl 75, DBr-Br 
75, DBr-LDBr 75), (DBr-LBl 75, DBr-LBl 75, DBr-LBr 
75) in clay loam (Sikandra Rao); (VDBr-LBl 75, DBr-
LBl 75, DBr-Br 75), (VDBr-LBl 75, DBr-LBl 75, DBr-
Br 75), (DBr-LBl 75, DBr-LBl 75, DBr-Br 75) in red soil 
using plumbite-formaldehyde, plumbite-glycerin, 
plumbite-hydroxylamine hydrochloride reagents respec-
tively. Propineb (VDBr-DBr 70, DBr-LBl 70, DBr-Dy 
7.0), (VDBr-DBr 7.0, DBr-LBl 70, DBr-LBl 70), (DBr-
LDBr 70, DBr-LBl 70, DBr-LBl 70) in loam soil; (DBr-
Br 7.0, DBr-Br 70, DBr-Dy 7.0), (VDBr-Br 7.0, DBr-Br 
70, DBr-LBl 70), (DBr-Br 7.0, DBr-Br 70, DBr-LDBr 
70) in silt clay loam; (VDBr-LBl 70, DBr-Br 70, DBr-Dy 
7.0), (VDBr-LBl 7.0, DBr-LBr 70, DBr-LBr 70), (VDBr-
LBl 70, DBr-Br 70, DBr-LBr 70) in clay loam (A.M.U.); 
(VDBr-LBl 70, DBr-Br 70, DBr-Dy 7.0), (VDBr-LBl 70, 
DBr-Br 70, DBr-LBr 70), (VDBr-LBl 70, DBr-Br 70, 
DBr-LBr 70) m clay loam (Sikandra Rao) and (VDBr-
LBl 70, DBr-Br 70, DBr-Dy 7.0), (VDBr-LBl 70, DBr-
LBr 70, DBr-LBr 70), (VDBr-LBl 70, DBr-Br 70, DBr-
LBr 70) in red soil using above reagents. 
It has been reported^ that xanthates, thioxanthates 
dithiocarbamates, thiuram disulphides etc. on acidifica-
tion liberate carbon disulphide. Carbon disulphide is con-
verted into trithiocarbonate on treatment with alkali hy-
droxide : 
3CS2 + 6K0H -^ 2K2CS3 -f K2CO3 -I- 3H2O 
The trithiocarbonate reacts with heavy metals to give 
insoluble salts, which can be readily decomposed with 
the formation of sulphide. Carbon disulphide can be 
quickly converted into lead sulphide by treatment with 
cone, caustic alkaU and a plumbite solution. However, it 
is not applicable at trace level of carbon disulphide. Feigl 
has remared that the formation of trithiocarbonate and 
hence of PbS can be accelerated by formaldehyde for a 
reason that is not well understood^. Acetaldehyde, ben-
zaldehyde, arabinose, glucose and lactose show the same 
effect. This action affords a means of detecting small 
amount of carbon disulphide. Hence the spot test under 
stody seems to be promising for the nanokilogram detec-
tion of dithiocarbamates fungicides in environmental 
samples. 
First paragraph shows that NaDDC does not give 
colour with plumbite and it produces colour with plumbite 
in presence of dilute acid at room temperature as well as 
at elevated temperature. However, mancozeb produces 
colour directly with plumbite. It may be due to the fact 
that NaDDC does not split off to CS2 without acid while 
mancozeb gives CSj without acid. This observation is on 
line with the literature^ i.e. dithiocarbamates are unstable 
in acidic medium and heavy metal dithiocarbamates are 
readily decomposed to give sulphides. It is also clear 
from the aforesaid results that the bright colour was ob-
tained with reagent plumbite-formaldehyde (3 : 1) pro-
vided that plumbite was added first and then formalde-
hyde i.e. if formaldehyde was followed by plumbite good 
bright colour was not produced. The admixtures of 
plumbite-formaldehyde also produce bright colour. The 
bright colour was also obtained when glycerin or hy-
droxylamine hydrochloride was used in place of formal-
dehyde. It was also observed that the rate of settling of 
brown-black precipitate is in the following sequence : 
Paraffin < CCI4 < gum < fevicol < detergent < 
HCl < ethanol < distilled water < NaOH < glycerin 
< formaldehyde. 
Hence it seems that the fine particles of plumbite 
sulphide exist as colloidal particle in glycerin and form-
aldehyde. Thus the role of glycerin or formaldehyde or 
hydroxylamine hydrochloride is to form bright brown-
black colloidal system at nkg level of dithiocarbamates. 
The colour reaction understudy is more sensitive in solu-
tion state than vapour state. 
It was also observed that the common impurities such 
as hardness causing substances, detergent, silt, clay and 
soil do not produce any colour with the reagent. There-
fore, spot test under study can be successfully used for 
the detection of dithiocarbamates in soil and water. 
Conclusion : 
The spot test under study can be successfully utilized 
for the trace level detection of dithiocarbamate ftmgi-
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cides in water and soil. It is 10 times sensitive (LOD = 
7.5 nkg for mancozeb) in presence of formaldehyde or 
glycerin or hydroxylamme hydrochlcride than that (LOD 
= 75 nkg for mancozeb) in presence of acetaldehyde, 
benzaldehyde, arabinose, glucose, lactose, starch etc. This 
observation contradicts the remark reported in the Feigl's 
book .^ 
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Synthesis, Characterization and Fungicidal Activity of Zinc 
Diethyldlthiocarbamate and Phosphate 
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Zinc diethyldlthiocarbamate. Zinc diethyldrthiocarbamate-Phosphate and Zinc Phosphate have been synthesized 
and charactenzed by using DTAA'GA, IR. X-ray, spectrophotometry and volumetry Their Fungicidal activity has 
been tested by well diffusion method using fungi Fusanum sp 
Keywords Zinc diethyldlthiocarbamate, zinc phosphate, zinc diethyldithiocarbamate-phosphate. fungicide 
Dithiocarbamate and dithiophosphinate complexes have 
important uses The former are used as fungicides and 
for solvent extraction and the latter as high pressure 
lubricants. Dithiocarbamates stabilize high oxidation 
states as in [Fe'V(dtc)3] or (Ni™(dtc)3]. Although 
dithiocarbamates are usually made from sodium salts 
such as NaS2CNMe2 or by oxidations using thiuram 
disulphides, they can also be made by insertion reactions 
of CS^ with dialkylamides Similarly dithiophosphinate and 
dialkyldithiophosphates are made from their sodium salts 
such as NaS^PR^and NaS^PpR),^ Therefore, an attempt 
has been made to prepare mixed zinc dithiocarbamate-
phosphate and to compare their physical as well as 
biological charactenstics 
MATERIALS AND METHODS 
Apparatus and Instruments—Atomic absorption 
spectrophotometer (GBC 902,Austalia), Founer transform 
spectrometer (Interspec 2020, India), UV-VIS 
spectrophotometer (CL 24 Elico Pvt Ltd. India), 
TGA/DTA (Peri^n Elmer Pyres Diamond USA) and 
X-ray (B V PW 1710 Philips Analytical, Netherland) were 
used 
Reagents and Chemicals —So6ium diethyldlthiocarbamate 
trihydrate (CDH, India), fungi Fusanun sp (Department of 
Microbiology, A M U , India), trisodium phosphate 12-
hydrate (Merck, India), zinc sulphate heptahydrate (SD 
Fine Ghem , India) All other cnemicals and reagents used 
were of AR or LR grades 
Preparation of dithiocarbamate and phosphate of zinc 
Zinc diethyldlthiocarbamate fC, j —Aqueous zinc 
sulphate solution (500 mL of 0 IN) was added drop wise 
with continuous stirring into a solution of sodium 
diethyldlthiocarbamate (500 mL of 0 1 N) The precipitate 
was left overnight, and then it was filtered on buckner 
funnel The product was washed three times with distilled 
water, and dried at 60±5°C Finally the precipitate was 
dessicated over calcium carljonate for a week 
Zmc phosphate (CJ — Solution of tnsodium phosphate 
(500 mL, 0 1 N) was taken in place of a solution of sodium 
diethyldlthiocarbamate and above procedure was 
followed 
Zinc diethyldithiocarbamate-phosphate (C^-CJ — 
Solution (500 mL) containing 250 niL 0 1 N tnsodium 
phosphate and 250 mL 0 1 N sodium diethyl 
dithiocarbamate was taken in place of a solution of sodium 
diethyl dithiocarbamate ana the above procedure was 
followed 
Analysis of samples — X-ray diffraction of powdered 
samples was recorded The infrared spectra were taken 
as KBr disc in the range of 4000 cm ' - 400 cm ' The 
thermogravimetnc analysis (DTAand TGA) of the samples 
was caTied c.t at a constant hcatr.g rate 10° mm ' up to 
temperature 1000°G in air atmosphere (300 mL mm') 
The dithiocarbamate contents of the samples were 
determined spectrophotometncally by using Vogel's 
method The phosphate contents of the samples were 
determined volumptncally by usmg ammnmu'^ molybdate 
2 Rathoreetal 
methodV For atomic absorption spectrophotometry, 
he dried and powdered sample (100 mg) was dissolved 
in 10 mL of 1M HNO3 and then diluted with distilled water 
to obtain a solution of the required concentration for 
analysis. The solubility was determined by shaking the 
powdered sample (100 mg) with 10 mL of solution/solvent 
in a 250 mL of conical flask. The contents were placed at 
room temperature for 24 h and then the changes were 
noted. 
Preparation of solutions — A homogeneous mixture of 
glucose-peptone-agar (40:10:15) was prepared in 
demineralized water and sterilized by autoclaving at 
121 °C, 15 lb/cm= for 20 min. The solution of the compounds 
was prepared (1 -2-1.8%) in DMSO and their homogeneous 
suspension (1%) was prepared in distilled water. 
Fungal activity test — The synthesized compounds were 
tested for fungicidal activity by agar well diffusion method^ 
using Fusarium sp. A homogeneous mixture of glucose-
peptone-agar (40:10:15) was sterilized by autoclaving at 
121''C and 15 Ib/cm^ for 20 min. The sterilized solution (25 
mL) was poured in each sterilized petridish in laminar flow 
and left for 20 min to form the solidified sabourad dextrose 
agar plate. These plates were inverted and kept at 30°C in 
incubator to remove the moisture and to check any 
contamination. 
Fungal strain was grown in 5 mL sabourad dextrose 
broth (Glucose: Peptone, 40:10) for 3-4 days to achieve 
10=CFU per mL The fungal culture (0.1 mL) was spread 
out uniformly on the sabourad dextrose agar plates by 
sterilized triangular folded glass rod. Rates were left for 5-
10 min so that culture is properly adsort>ed on the surface 
of sabourad dextrose agar plates. Now small wells of size 
( 4 x 2 mm) were cut into the plates with the help of well 
cutter and bottom of the wells were sealed with 0.8% soft 
agar to prevent the flow of test sample at the bottom of the 
well. The test solution 100 /JI of 1.2%, 1.4%, 1.6%and 1.8% 
were loaded into the wells of the plates. DMSO also toaded 
as control. The plates were kept for incubation at 30°C for 
3-4 days and then the plates were examined for the 
formation of zone of inhibition. 
RESULTS AND DISCUSSION 
Zinc diethyldithiocarbamate (C,) is a well-known 
compound. It has been prepared for the sake of 
comparison. The product, which has been obtained by the 
procedure under study, is white to off-white crystalline 
power (Table 1). It is soluble In dilute HCI. HNO,. Hj,SO^ 
and DMSO; slightly soluble in acetone and benzene; and 
insoluble in methanol and DW. It melts at 200°C. IR spectra 
shows the presence of C=S (997.31s cm') and C-N 
(1272.10 cm') bonds. The compound shows fungicidal 
activity as they inhibit the fungal growth by forming an 
inhibition zone of 12.13.14,15 mm for Fusarium sp. DTA 
and TGA data show only one peak at 330''C and one main 
plateau con-esponding to 83.18% weight toss. The following 
chemical equation can be proposed on the basis of above 
data. 
S 
II 
( C J H . O T N C - S 
Table 1. Powder > 
phosphates. 
d-values 
a.'[A°] 
8.75 
7.30 
4.25 
6.14 
3.77 
8.77 
7.29 
4.25 
6.14 
3.77 
•7 ^ T 
Zn • 
2 
2(C2H5)2 
39.84% 
N| +2CS2I+ZI1 
42.06% I«.09% 
.-ray data of zinc dithiocarbamates and 
Angle Relative 
[26] Intensity [%} 
C 
10.10 
12.12 
20.86 
14.42 
23.56 
C 
10.08 
12.14 
20.86 
14.40 
23.56 
100 
72 
56.97 
52.30 
47.67 
3 
100 
62.10 
52.63 
49.47 
45.26 
d-vedues 
a' [A"] 
4.57 
4.13 
2.85 
3.42 
1.93 
8.76 
7.30 
4.25 
6.14 
3.77 
Angle 
[26] 
19.40 
9.68 
31.39 
26.03 
46.90 
c. 
10.08 
12.10 
20.86 
14.42 
23.57 
Relative 
Intensity [%] 
100 
74.22 
. 65.97 
23.71 
23.71 
lO) 
70.65 
5S.78 
52.17 
47.82 
C, = Zinc diethyldithiocarljamate, C, = Zinc phosphate; Cj= Zinc 
diettiyldithiocarbamate-phosphate; C^= Zinc diethyldithlocart>amate-
phospliate 
This weight loss is due to the decomposition of zinc 
diethyldithiocarbamate and evaporation of (CJd^^ NH (bp 
55.5°C) and CS^ (bp 46.3''C). 
Literature^ survey shows that several types of zinc 
phosphates such as (Znj {P0,)^4Hp; Zn3(PO,)j.Zn(OH)j; 
Zn3(PO,)2.Zn(OH)j 3Hp ; 2Zn3(P0j2.4Zn HPO, BH^O and 
Znj (P309)2 Q»p) have been prepared by using different 
procedures. The product under study (C^) iS a whits 
crystalline powder (Table 1). It melts at >300°C and is 
soluble in dilute HCI. HNO3, H^SO^ and DMSO; slightly 
soluble in acetone and insoluble in benzene methanol 
and DW. IR analysis shows that it contains P-O (1111.60 
cm') and P=0 (949.96 cm') and (1006-S3 cm'). It dop'? 
Synthesis, characterization and fungicidal activity of zinc diethyldithiocaitamate and phoahate 3 
not show any fungicidal activity for the fungi under study. In 
DTA and TGA of zinc phosphate, first major peak at 92°C 
(weight loss 7.6%) follows by first minor peak at 115°C 
(weight loss 22.33%), second rn^or peak at 286°C (t.81%) 
and second minor peak at 330°C (4.16%). On the basis of 
above data the following structure can be proposed. 
Zn3(P04)2.Zn(Oll):3H:0 
/n.l'.OT + 2ZnO 
S6 1S% 31 l(>°.o 
• Zn3(P04):.Zn(OH): +311:01 
S<).'N% j |()"„ 
Zn,{P04): + Zn(OHb - H.of 
71 57». 
Zinc diethyldithiocarbamate-phosphate (C3) is a white 
crystalline powder (Table 1), melts at 194°C, soluble in 
dilute HCI, HNO3, HjSO, and DMSO; slightly soluble in 
acetone and benzene; and insoluble in methanol and DW. 
IR analysis shows that it contains C=S (996cm') and C-N 
(1264 cm') bands. It showed fungicidal activity as it 
inhibited the growth of Fusarium sp. by inhibition zone of 
12, 13, 14, 15 mm. DTA and TGA curves are similar to 
those of zinc diethyldithiocarbamate. Sample C3 seems to 
be zinc diethyldithiocarbamate, which contains zinc 
phosphate as impurities. It may be due to the co-
precipitation of the latter. It attributes to the fact that zinc 
diethyldithiocarbamate is totally insoluble white zinc 
phosphate is feebly soluble in water. 
Zinc diethyldithiocarbamate-phosphate (CJ is a white 
crystalline power (Table 1), melts at 221X, soluble in dilute 
HCI, HNO3, H^SO, and DMSO; slightly soluble in acetone 
and benzene; and insoluble in methanol and distilled 
water. IR show, that it contains C=S (996 cm') and C-N 
(1273 24 cm') bonds. It showed fungicidal activity as it 
inhibited the fungal growth by forming an inhibition zone 
of 11,11,12,13 mm for Fusarium sp. DTA and TGA show 
almost the similar behavior as shown by zinc 
diethyldithiocarbamate. Samples C3 and C^ seems to be 
almost similar in nature i.e. they are mixture of zinc 
diethyldithiocarbamate and zinc phosphate. Table 2 
supports the above conclusions and it also shows that 
concentration of zinc In 0 , and 0^ is less than ttrat in zinc 
diethyldithiocarbamate (C,). It may be due to the presence 
of zinc phosphate in C3 and C, at trace levels. 
Table 2. Melting point and analysis of zinc dithiocarbamates 
and phosphates 
Compound 
CI 
C2 
03 
C4 
M.P. 
200 
>300 
194 
221 
%Zn 
Exp. Calc. 
23 18.09 
50 48.47 
17 18.09 
20 18.09 
Analysis 
%CSj 
Exp. 
52.4 
-
32 
49.6 
Calc. 
42.6 
-
42.6 
42.6 
%P0, 
Exp. Calc. 
-
33.06 35.20 
-
-
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The paper describes the mobi'ity of dithiocarbamate fungicides such as mancozeb, sodium diethyldithiocarbamate, 
ziram, propineb and zineb on chromatoplates coated with different types of soil and admixtures of charcoal - soil in water, 
aqueous solutions and organic solvents. It also comprises the results of adsorption of these fungicides obtained by batch 
process. The results so obtained are discussed for use in the control or deactivation of dithiocarbamate fungicides 
translocation from soil i > plant. 
Keywords: Adsorption, Charcoal, Deactivation, Fungicide, Mobility, Soil, TLC 
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The soil thin-layer chromatography has been used to 
study the frequent occurrence of pesticides in 
underground waters by their leaching from soils. The 
literature survey shows that Helling' established this 
technique in the mid 70s. He studied the mobility of 
forty pesticides on Hager town silty clay loam plates 
and grouped pesticides into five categories based on 
their relative mobilities. 
In 1996, Kruger et cil' have reported the relative 
mobilities of atraxinc, five atrazine degradates, 
matolachlor and vi' ,,izine in soils of Iowa using soil 
thin-layer climinaiography. They have concluded that 
the greater mobility was seen in Fniitland (sandy) and 
Nashua (sandy clay loam) subsurface soils, which 
also had the least organic matter contents. Recently, 
Horvat et al: have studied the change in mobility of 
phenoxy herbicides by the presence of fertilizers in 
soils with low ciay and low organic matter. 
The literature also shows that activated carbon 
adsuipliun is the luust piumisiug appjoach for the 
control or deactivation of pesticide residues 
translocation from soil to plant. A number of papers'*'^  
have been published on the feasibility of activated 
carbon mixing in soil under realistic conditions. A 
few examples are summarized hereunder. 
Miller and McCarty' have postulated that one has 
to apply about 200 pounds of activated charcoal per 
acre (4.6 pounds per thousand square feet) for each 
pound of pesticide active ingredient per acre. Singh 
et al}° have reported the adsorption-desorption 
behaviour of Fenamiphos, Linuron, Simazine and 
Diquat pesticides in some Western Australian soils. 
They have suggested that hysteresis results from 
organic matter effectively "locking in" the adsorbed 
pesticide. 
The adsorption studies of oxytetracycline on 
activated charcoal", acephate pesticide on granular 
activated charcoal'', 2,4-D and atrazine on wood 
charcoal'^ and endosulfan on four Indian soils'^ have 
also been reported. 
In this district, dithiocarbamate fungicides are used 
to protect, potato and tomato crops from fungus 
during the period, December- January when sunlight 
becomes meagerly available due to excessive fog and 
smog. Thus, the fungicides are used in a huge quantity 
and their residues exist in soil in high concentration. 
However, adsorption-desorption behaviour of 
dithiocarbamate fungicides on soil, charcoal and 
admixture of charcoal-soil has not been studied so far. 
Attempts also have not been made to correlate the 
RATHORE ct al.: ASSESSMENT OF THE MOVEMENT OF SOME DITHIOCARB AM ATE FUNGICIDES 401 
mobilJty of dithiocarbamate fungicides to reveal the 
pesticide residues translocation from soil to plant. 
Therefore, it was thought worthwhile to study 
adsorption and mobility of some dithiocarbamate 
fungicides on soil, activated charcoal and admixtures 
of charcoal - soil by batch process and thin layer 
chromatography in aqueous medium. The results are 
reported in this paper. 
Experimental Procedure 
Apparatus 
Carbon disulphide reaction system (J-SIL), 
conductivity meter (Elico M180), pH meter (Elico 
L1120),TLC applicator (Stahl), and temperature 
controlled electric oven (Tempo) from India, 
ultrasonic vibrator (Siskin Instruments Co. Pvt. Ltd) 
from Germany and micropipette (pipetman, GLISON) 
from France. 
Chemicals 
Charcoil decolourizing powder activated 
(Qualigens Fine Chemicals), cellulose microcrys-
talline, lead acetate and sodium diethyldithio-
carbamate (NaDDC) (97% purity) (Central Drug 
House), mancozeb (75% purity) [surface active agent 
(alkyl arylsulphonate type) 2%, dispersing agent 
(alkyl naphthyl sulphonate type) 2%, suspending 
agent (mdustrial gum) 2%, inert carrier (china clay) 
19%] (Modern Insecticides Ltd.), propmeb (70% 
purity), [ptecipitated silica 8.75%, kaolin balance] 
(Bayer Chemicals Company), zineb (75% purity) 
[wetting/suspending/dispersing agent sodium salt of 
alkyl aiyl sulphonate, CMC and glue 2%, china clay 
4.25%] (Indofils Chemicals Company), and ziram 
(GSC), India were used. All other chemicals and 
reagents vveie of AR oi LR grade. 
Collection of soil 
Soi! samples weie collected from AMU Fort, 
Sikandra Rao and Jattari of Aligarh district and their 
characteristics are recoided in Table i. 
Determination of physicochemical properties of soil 
For the study of some physicochemical properties, 
the fdim soils were collected, air dried, ground, and 
sieved through 600 mesh sieve and then the following 
studies were earned ouf 
Mechanical analysis was done by the pipette 
method'^ using sodium oxalate as the dispersing 
agent. pH of ! -5 soil suspension in distilled water was 
measured using glass electrode pH meter. Electrical 
conductivity of saturated extract was measured by 
electrical resistance bridge. Exchangeable cations of 
sodium and potassium were estimated in the neutral 
ammonium acetate extract and calcium and 
magnesium cations in the barium chloride 
triethanolamlne'^ extract of the soils. Organic carbon 
was estimated by Walkley and Black method" .^ 
Cation exchange capacity was worked out by 
saturating the soil with Na* ions at pH 8.2 and 
replacing it with NH4* ions. Exchangeable Na* was 
estimated by flame photometry'^ The results obtained 
are included in Table 1. 
Preparation of solutions 
Mancozeb, NaDDC, propineb, zineb and ziram 
(0.1%) were dissolved in aqueous NaOH (0.1 M). 
Potassium hydroxide (2 N) was dissolved in 
methanol. Solution of iodine (1 N), lead acetate 
(10%), sulphunc acid (0.1 N), acetic acid (30%) and 
NaDDC (0.1 M) were prepared in distilled water 
(DW). 
Preparation of plates 
The following slurries were applied on the glass 
plates with the help of Stahl applicator so that the 
thickness of the coating would be 0.25 cm. 
Soil (20 g) in DW (20 mL) 
Charcoal: Soil admixture:l:1000 whv (20 g) in 
DW (20 mL) 
Table 1—Characieristics of 
Characlenslics 
Mechanical 
composition (7c) 
Organic matter 
(%) 
pH 
Electrical 
conductivity (m 
mho) 
Cation exchange 
capacity 
(meq/lOOg) 
Exchangeable 
cations 
(meq/100 g soil) 
Available 
nitrogen (ppm) 
sand 
silt 
clay 
Na* 
K* 
Ca^ * 
Mg'* 
NH *^ - N 
NG3"-N 
NO-. -N 
Soil 
AMU 
Fort 
63 
24 
13 
0 45 
84 
09 
161 
10 
05 
35 
13 
52 
40 
6 
soils 
Sikandra-
Rao 
61 
25 
14 
0 50 
9 20 
150 
16 50 
196 
0 34 
5 70 
051 
33 
•7 
25 
Jattai 1 
\illage 
71 
20 
86 
041 
8 40 
0 48 
17 20 
4 15 
2 34 
0 66 
0 66 
58 
38 
95 
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Charcoal: Soil admixture::0.75:1000 w/w (20 g) in 
DW (20 mL) 
Charcoal: Soil admixture::0.50:1000 wlw (20 g) in 
DW (20 mL) 
Charcoal: Soil admixture::0.25:1000 w/w (20 g) in • 
DW (20 mL) 
Charcoal: Soil admixture::0.125:1000 w/w (20 g) in 
DW (20 mL) 
The plates were air dried at room temperature 
(28±2°C) and then activated by heating at 110±5°C 
for 1 h in an electrically controlled electric oven 
followed by cooling at room temperature and stored 
in a closed chamber until used. 
Spotting of test solution 
Test solution (0.06 mL) was spotted on the plates at 
a distance of 3 cm from the lower edge of the plate 
with the help of a micropipette. 
Development of chromatogram 
The spotted chromatoplate was placed in the oven 
at 110±5°C for 2 min to remove the solvent and then 
the plate was developed in the mobile phase by 
keeping the solvent ascent as 10 cm from the point of 
sample application. Aqueous solution of acetic acid, 
acetate buffer, ammonia buffer, copper sulphate, 
sodium chloride and sodium lauryl sulphate, distilled 
water, tube well water and organic solvents such as 
benzene, carbon tetrachloride, chlorobenzene, 
chloroform, methanol, nitrobenzene, and propanol 
were used as mobile phases. 
Visualization of spot 
After development, the plates were dried and the 
spots on the plates were visualized by iodine vapours 
in a glass jar. The chromogenic visualization reagents 
such as copper sulphate", plumbite'^, silver nitrate''^ 
and iodine were tried. Iodine is found to be a simple, 
rapid, inexpensive, sensitive, non-destructive and 
reversible which stains dithiocarbamate on a 
chromatogram more readily than the background. 
Measurement of Ri- values 
For tailing spots, the front limit (RI) and the rear 
limit (RT) were measured while for compact spots R^ 
values were calculated by using the following 
relation: 
K,. = distance lra\'eled by analyte (cm)/distance 
traveled by mobile phase (10 cm) 
Dcierniination of dithiocarbamate 
It is known that dithiocarbamates produce carbon 
disulphide on heating in presence of mineral acids. 
The carbon disulphide so produced was estimated by 
employing Caldas's apparatus^ while using sulphuric 
acid, potassium methylxanthogenate and iodine as 
reagents, and starch solution as indicator 
Determination of fungicide 
A Known volume of fungicide solution was applied 
to the plate coated with an admixture of charcoal-soil. 
The solvent of the spot was removed, the plate was 
developed, and spot was visualized and demarcated 
on the plate. The demarcated spot was scratched with 
a spatula and the weight of the scratched coating was 
measured. The results were calculated as given below: 
Weight of admixture of five spots = 0.0766 g 
Weight of admixture of one spot = 0.01532 g 
8.008 g of charcoal: soil admixture contain = 0.008 g 
charcoal • 
0.01532 g of charcoal: soil admixture contain = 
(0.008x0.01532 g)/8.008 = i;5xl0"^g charcoal. 
Adsorption by batch process 
The solution of NaDDC (10 mL of 0.1 M) was 
taken in a conical flask, 0.5 g charcoal/soil/charconl-
soil admixture and 40 mL of DW were added into it. 
The mixture was shaken by ultrasonic vibrator for 
5 min at room temperature (28°C). The reaction 
mixture was filtered and NaDDC was determined in 
the filtrate as well as in the solid adsorbent by 
Caldas's apparatus 20 
Results and Discussion 
Mobility on AMU fort soil 
Results in Table 2 show that mancozeb, propineb 
and zineb have high mobility on plates coated with 
AMU Fort soil in water and aqueous solutions. 
However, NaDDC and ziram have zero mobility 
under above cited conditions. The mobility is zero in 
organic solvents such as carbon tetrachloride, 
benzene, chloroform, //-butyl acetate, chlorobenzene 
and nitrobenzene. However, the mobility is high in 
methanol and double spots were obtained in propanol. 
Similar results were also obtained on other soil 
samples (Tables 3 and 4) collected from agricultural 
fields situated in Sikandra Rao and Jattari of Aligarh 
district. 
Mobility on charcoal containing soil 
Results recorded in Table 5 show that mobility of 
fungicides is zero when charcoal concentration in soil 
is 750-1000 ppm in distilled water as well as in deep 
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Table 2—/fp Value of dithiocarbamate fungicides on AMU fort soil 
Mobile phase Fungicide 
Mancozeb NaDDC Ziram Propineb Zineb 
Distilled water 
Tube-well water 
O.lMNaCI 
O.lMCHjCOOH 
Acetate buffer pH 4 
O.IMCuSOj 
Ammonia bufferpH 10.3 
1% Sodium lauryl sulphate 
e c u 
Benzene 
Chloroform 
;i-butyl acetate 
Chlorobenzene 
Propanol 
Nitrobenzene 
Methanol 
0.83 
0.82 
0.75 
0.72 
0.78 
00 
0.85 
0.70 
00 
00 
00 
00 
00 
00,0.55 
00 
0.70 
00-1.2 cm 
00-1.1 cm 
00 
00 
• 00 
00 
00 
00 
0O-2.5 cm 
00 
00 
00 
00 
00,0.80 
00 
0.72 
00 
00 
00 
00 
00 
00 
00-1.3 cm 
00 
00-2.3 cm 
00 
00 
00 
00 
00.0.75 
00 
0.81 
0.80 
0.76 
0.70 
0.83 
00 
0.89 
0.69 
00 
00 
00 
00 
00 
00.0.82 
00 
0.81 
0.80 
0.75 
0.74 
0.75 
0.89 
00 
0.80 
0.70 
00 
00 
00 
00 
00 
00.0.70 
00 
0.62 
Table 3—/?p Values of dithiocarbamate fungicides on Sikandra Rao soil 
Mobile phase 
Distilled water 
Tube-well water 
O.lMNaCI 
O.lMCHjCOOH 
Acetate bufferpH 4 
O.lMCuSOj 
Ammonia buffer pH 10.3 
1 % Sodium lauryl sulphate 
ecu 
Benzene 
Chloroform 
ii-butyl acetate 
Chlorobenzene 
Propanol 
Nitrobenzene 
Methanol 
Mancozeb NaDDC 
Fungicide 
Ziram Propineb 
0.86 
0.83 
0.72 
00 
0.75 
00 
0.80 
0.73 
00 
00 
00 
00 
00 
00,0.45 
00 
0.75 
00-1.4 cm 
00-0.9 cm 
00 
00 
00 
00 
00 
00 
00-4.4 cm 
00 
00 
00 
00 
00,0.78 
00 
0.76 
00 
00 
00 
00 
00 
00 
00-1.4 cm 
00 
00-3.4 cm 
00 
00 
00 
00 
00,0.70 
00 
0.82 
asi 
0.73 
00 
O.80 
00 
0.80 
0.68 
00 
00 
00 
00 
00 
00,0.78 
00 
0.82 
Zineb 
0.80 
0.78 
0.76 
00 
0.86 
00 
0.82 
0.75 
00 
00 
00 
00 
00 
00,0.68 
00 
0.75 
Table 4—Rj-. Values of dithiocarbamate fungicides on Jattari soil 
Mobile phase 
Distilled water 
Tube-well water 
O.lMNaCI 
O.IMCH3COOH 
Acetate bufferpH 4 
O.IMCUSO4 
Ammonia buffer pH 10.3 
1% Sodium lauryl sulphate 
ecu 
Benzene 
Chloroform 
»-butyl acetate 
Chlorobenzene 
Propanol 
Nitrobenzene 
Methanol 
Mancozeb NaDDC 
Fungicide 
Ziram Propineb 
0.80 
0.76 
0.76 
0.70 
0.75 
00 
0.81 
0.77 
00 
00 
00 
00 
00-!.! cm 
00,0.74 
00 
0.60 
00-1.9 cm 
00-1.6 cm 
00-2.1 cm 
00 
00 
00 
00 
00 
00-1.9 cm 
00 
00 
00 
00-2.5 cm 
00.0.73 
00 
0.65 
00 
00 
00 
00 
00 
00 
00 
00 
00-1.3 cm 
00 
00 
00 
00-0.8 cm 
00.0.72 
00 
0.67 
0.79 
0.74 
0.75 
0.75 
0.72 
00 
0.82 
0.70 
00 
00 
00 
00 
00-1.0 cm 
00.0.75 
00 
0,72 
Zineb 
0.87 
0.76 
0.78 
0.79 
0.89 
00 
0.85 
0.72 
00 
00 
00 
00 
00-1.3 cm 
00.0.72 
00 
0.70 
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Table 5—Mobility of some fungicides on charcoal-soil admixtures using water as mobile phase 
Charcoal:Soil 
1:1000 
0.75:1000 
0.50:1000 
0.25:1000 
0.125:1000 
Mancozeb 
DW TW 
NaDDC 
/Jp values 
Ziram Propineb Zineb 
00 
00 
0.70 
0.80 
0.85 
00 
00 
0.75 
0.80 
0.82 
DW 
00 
00-0.6 cm 
00-1.1 cm 
00-1.2 cm 
00-1.3 cm 
TW 
00 
00-0.8 cm 
00-1.0 cm 
00-1.2 cm 
00-1.2 cm 
DW TW DW 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
0.76 
0.79 
0.80 
TW 
00 
00 
0.78 
0.81 
0.83 
DW TW 
00 
00 
0.79 
0.80 
0.82 
00 
00 
0.80 
0.84 
0.85 
Concentration of analyte = 0.06 mg/spot. Area of the spot = 0.50 cm\ Weight of the admixture = 15.32 mg/spot 
Table 6—Effect of fungicide concentration on their mobility on charcoal-soil admixture in distilled water 
Fungicide 
Mancozeb 
NaDDC 
Ziram 
Propineb 
Zineb 
Charcoal:Soil::l:1000 
Rf values 
Charcoal:Soil::0.75:1000 
ISpot 
00 
00 
00 
00 
00 
2 Spot 
00 
00-0.2 cm 
00 
00 
00 
3 Spot 
00-0.70 cm 
00-1.0 cm 
00 
00-0.60 cm 
00-0.60 cm 
ISpot 
00 
00-0.2 cm 
00 
00 
00 
2 Spot 
00 
00-0.5 cm 
00 
00 
00 
3 Spot 
00-0.60 cm 
0-1.2 cm 
00 
00-0.70 cm 
00-0.80 cm 
Concentration of analyte = 0.06 mg/spot. Area of the spot = 0.50 cm^ Weight of the admixture = 15.32 mg/spot 
well water. It is also clear that the mobility of the 
fungicides increases with decreasing concentration of 
charcoal in soil froin 500-125 ppm. However, the 
mobility of ziram remains zero in soil samples 
containing 125-1000 ppm of charcoal. Results in 
Table 6 show that the mobility is zero at lower 
concentration of fungicides (0.06-0.12 mg/spot) and 
the mobility increases with increasing concentration 
of fungicides (> 0.18 mg/spot). Values in Table 7 
show a very high adsorption of NaDDC on charcoal. 
The recovery of NaDDC from charcoal is also 
appreciable (> 75%). Therefore the charcoal can be 
used for the pre-concentration of NaDDC present in 
water for analytical purposes. Table 8 shows that both 
the samples of soil adsorb about 30% of the NaDDC 
applied. The recovery is 74-97%. The high percentage 
of recovery shows the weak bonding of NaDDC with 
soil. Table 9 shows that the percent adsorption on 
charcoal-soil admixture is high than that on soil alone. 
However, the percent recovery is comparable. The 
data recorded in Table 9 also show that the retention 
capacity is 163 x 10'^  g NaDDC per g of admixture 
(charcoal-soil:: 1:1000) or 148 x 10"^  g NaDDC per g 
of charcoal. It is also clear that adsorption of 
fungicide is 0.06 mg per spot (0.50 cm") of the 
admixture (15.32 mg) which contains 1,5 x 10" mg of 
Table 7—^Adsorption of NaDDC on charcoal in distilled water 
O.IM NaDDC NaDDC 
Adsor-
bed 
mL mg/50 mL mg/0.5g 
10 
10 
10 
10 
10 
10 
224 
224 
224 
224 
224 
224 
165.82 
165.82 
160J5 
171.12 
160.55 
165.82 
% 
Adsor-
bed 
74 
74 
72 
76 
72 
74 
Amount % 
recove- Recov 
red e-red 
mg/50 mL 
126.94 
124.26 
124.26 
121.62 
126.94 
124.26 
77 
75 
77 
71 
79 
75 
charcoal per spot (0.50 cm^). It carries out to be 2.75 
pounds of activated charcoal per acre if the thickness 
of soil surface is 0.25 cm (0.125 cm'). Practically, the 
thickness of soil surface is taken as 15 cm so the 
required amount of activated charcoal will be 165 
pounds. This result is comparable to that reported by 
Miller and McCarty' (200 pounds). Hence, it is clear 
that the charcoal can be mixed in soil at ppm level to 
deactivate the fungicide. Table 10 shews that the 
adsorption capacity of activated charcoal for alkaline 
NaDDC is 160 mg/g at the concentration (1 mg/mL) 
by TLC method and 329 mg/g for aqueous NaDDC at 
the concentration (4.5 mg/mL) by batch process. 
Hence, it is clear that the adsorption capacity 
is dependent on concentration of adsorbate. The 
adsorption capacity of activated charcoal is 106, 80, 
114 and 106 mg/g for mancozeb, ziram, propineb and 
zineb respectively by TLC. These values are higher 
than those reported for acephate (0.05 mg/g), 2,.4-D 
(0.70 mg/g) and atrazine (0.80 mg/g). It may be due to 
the fact that the concentration of acephate, 2,4-D and 
atrazine is 250 times less than that of mancozeb, 
ziram, propineb and zineb i.e. by multiplying the 
' " ' ^ ' ^ „„ rWarcoal: soil:: 1:1000 in 
O.IM 
NaDDC 
mL 
10 
10 
10 
10 
10 
10 
mg/ 
50 mL 
224 
224 
224 
224 
224 
224 
NaDDC 
Adsor-
bed 
mg/0.5g 
91.80 
81.22 
75.94 
81.22 
81.22 
75.94 
/O 
Adsor-
bed 
41 
36 
34 
36 
36 
34 
Amount 
recovered 
mg/ 
50 mL 
63.45 
60.81 
58.17 
58.17 
58.17 
60.81 
Recovered 
69 
75 
77 
77 
77 
80 
nc 0 4 Jt — 
....^„. Adsorption Method . . .,._ 
Adsorbent 
. J _u„f» Adsorption 
- - - T - ^ ^ ^ ^ ^ ^ S ^ i ^ S ^ i S r capacity 
% 
Adsorption 
Activated charcoal 
Charcoal:soil 
(1:1000) 
Activated charcoal 
CharcoaV.soil 
(1:1000) 
Activated charcoal 
Charcoal:soil 
(1:1000) 
Activated charcoal 
Charcoal:soil 
(1:1000) 
Activated charcoal 
Charcoal:soil 
(1:1000) 
Activated charcoal 
Charcoal:soil 
(1:1000) 
Activated charcoal 
Granular activated 
charcoal 
Wood charcoal 
Wood charcoal 
Soil 
Soil 
Alk NaDDC 
-do-
Aq NaDDC 
-do-
Alk mancozeb 
-do-
Alk ziram 
-do-
Alk propineb 
-do-
Alk zineb 
-do-
Aq 
oxytetracycline 
Acephate in 
hexane 
Aq2.4-D 
Aq atrazine 
a -Endosulphan 
P-Endosulphan 
1.00 
1.00 
4.50 
4.50 
l.OO 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
NA 
NA 
1 \xL 
4 ng/mL 
4pg/mL 
NA 
NA 
160 
0.16 
329 
162 
106 
0.11 
80 
0.08 
114 
0.11 
106 
0.11 
408 
518 
TLC 
TLC 
Batch process 
Batch process 
TLC 
TLC 
TLC 
TLC 
TLC 
TLC 
TLC 
TLC 
Batch process 
Batch process 
0.05 Batch process 
0.70 
0.80 
0.10-0.45 
0.09-0.27 
Batch process 
Batch process 
Batch process 
Batch process 
100 
100 
74 
36 
100 
100 
100 
100 
100 
100 
100 
100 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
PS 
-do-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
11 
11 
12 
13 
13 
14 
14 
Soil - s l  is A ,,.„, _._ 
Alk = alkaline solution, Aq = aqueous solution, 2,4-D = 2,4-dichlorophenoxy acetic acid, PS = present study, NA = not 
available. NaDDC = sodium diethyldiihiocarhamate 
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concentration factor (250) the adsorption capacity of 
charcoal becomes 12.5, 175 and 200 mg/g for 
acephate, 2,4-D and atrazine respectively. These 
values are comparable to those obtained by T L C 
method in this study. The adsorption capacity of 
charcoahsoil (1:1000) admixtures is 0.11, 0.08, 0.11 
and 0.11 mg/g for mancozeb, ziram, propineb and 
zineb respectively at the concentration 1 mg/mL by 
TLC. These values are comparable to the reported 
adsorption capacity of soil for a-endosulph£in 
(0.10-0.45 mg/g) and p-endosulphan (0.09-0.27 
mg/g)-
Conclusion 
The adsorption capacity (80-160 mg/g) of activated 
charcoal for ziram, mancozeb, zineb, propineb and 
NaDDC is higher (0.08-0.16 mg/g) than that of 
admixture of charcoal-soil. The mobility of fungicides 
understudy decreases witii increasing concentration of 
charcoal in soil. To deactivate the translocation of 
fungicides from soil to plant, one has to apply about 
2.75 and 165 pounds of activated charcoal per acre, if 
the thickness of the soil surface is 0.25 and 15 cm 
respectively. 
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